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' ORIGINAL ARTICLES. 

THE LIFE-SAVING POWER OF “SAFE” UNIVERSAL DONOR 
BLOOD IN EXSANGUINATING HEMORRHAGE. 

By Alexander S.- Wiener, A.B., M.D., 

HEAD, DIVISION OF BLOOD TRANSFUSION, JEWISH HOSPITAL OF BROOKLYN; SEROLOGIST 
AND BACTERIOIJOGIST, OFFICE OP THE CHIEF MEDICAL EXAMINER OF 
NEW YORK city; INSTRUCTOR IN FORENSIC MEDICINE, NEW 
YORK UNIVERSITY MEDICAL SCHOOL, 

AND 

Samuel S. Pennell, B.S., M.D., 

ASSISTANT HEMATOLOGIST AND ASSISTANT TRANSFUSIONIST, JEWISH HOSPITAL OF 

BROOKLYN, N. Y'. 

(From the Transfusion Division of the Department of Laboratories of The Jewisli 

Hospital of Brooklyn.) 

In 1935, Marriott and Kekwick^“-^ pointed out that the routine 
procedure of giving 500 cc. of blood at each transfusion to adults 
was often inadequate in severe anemias and in bleeding cases. They 
have performed 194 transfusions of citrated blood by the drip 
method, administering an average of between 2 and 4 liters of blood 
per case. One of their patients received as much as 5650 cc. of 
blood Avithin a 48-hour period. These tvorkers did not restrict 
themseh'^es to the use of donors of the homologous group but also 
used donors of other groups according to the universal donor 
principle. They apparently relied on the sIoav rate of infusion which 
alloAved time for the body to dispose of the foreign isoagglutinins. 

The use of universal donor blood for patients not belonging to 
Group 0 is usually regarded as unsafe AAdien the isoagglutinins in 
the donor’s serum are of high titer.^ Though the slow infusion of 
such blood is probably harmless, if the blood is injected rapidly over 
a short period of time, partieularly to a severely anemic patient, 
hemolysis of the patient’s own blood cells could conceivably occur. 
Indeed, a number of reports of hemolytic reactions following the 
use of universal donor’s blood have appeared, which have been 

VOL. 204, NO. 1. — JULY, 1042 1 
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attributed to tlii? niechanisni.'-* Witel)?ky, Kleudslioj and Swan- 
-Kon'’" liave advocated the routine atiditiou to the citrated Group O 
flonor's idood of a polutiim of purified A and B suiistauces in order 
to neutralize the isoatrglutiuins and make the blood safe for patients 
of all grruips. 

Case Report. A man, aged (w, while under observation at the hospital 
for peptic ulcer, .suddenh- went into .shock; his blood pressTire dropjjcd to 
.oO/.'lO, his pulse being almost imperceptible, his .skin cold and clammy, and 
he passed a large amount of blood by rectum. 

The patient w.a.s tyjwl as Group AB, and transfusions totaling 1 100 cc. of 
citrated blood from two compatible AB donors wore given. Within n hours 
the jjatient reacted and his blood pressure rose to lOS, 7G. During the nicht, 
henvever, he h.ad another large hemorrhage and in the morning was again in 
shock. A transfusion was started at once. Opcrativ> by Dr. Louis Berger, 
revealed a jrenctrating duodenal ulcer at the lease of which was the eroded 
and bleeding panereatico-duodenal artery. Tire bleetling from the eroded 
vessel was controlIc<l and a subtotal gastrectomy was irerformed. 

During the procedure the transfusion of citrateel blood w.as continnctl, the 
blood being allowed to run in rather rapidly. When 2000 cc. of blood, in 
addition to the 1100 cc. given on the previous day, had been lransfusc<l, no 
more Grouj) AB donors could be obtained. .Accordingly, additional blood 
was taken from Grouj) 0 donors, 10 cc. of Witebsky’s solution of purified 
Grouf) A and B substance* being arided to each .'>00 cc. of blood. In thi' 
manner 2000 cc. of universal donor blood were transfused. The patient 
resi)ondc<i to the transfusions only .after the I>ice<ling vessel iiad ireen located 
and ligaterl by Dr. Berger. By the time the procedure was com])lcted, tlie 
patient had received a total of more than otXK) cc. of blood. 

Immediately after the operation, the jjalient's blood pressure was 1 oO.'OO, 
j)ulse rate ItK) .and of good (juality; his skin was dn,' and wann and his gen- 
eral condition gotKi. He imi)roved >lowly after the ojx'ration but in general 
his convalescence was uneventful. 

Comment. .Vs a precaution the isnagglutinins in the blocwi from 
•! Grouf) O (lonor.s. used for transfusing a (Jronj) .AB p.'itient, were 
ncntraliztal by adding a solution of purified A and B .suiisfanccs as 
rfciiininended by Witciisky, Klciid.shoj and Swanson. Wiiether or 
not harm would have rcsulttai if thi.s procedure laid not been followed 
cannot lie determined, but the ellieieney of the group snb-tanees in 
neutralizing the isoagglntinins has been demon-tnite)! i»y titnition 
tests iti rifrn, (ef. d'able 1) which indicate at least that this jiroeediire 
eliminates n fheoretie.-d danger. 'Hie groiiji snb-t.anees have been 
n-ed in tran-fu-iojis by Witeb-ky ef <t!., in more th.an BXt ea-e-. and 
le. the present anth.ors in about 2*) without the oeeurrenee of 
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only 88% while on admission it had been 100%, and this despite the 
transfusion of more than 5 liters of blood, indicates that he lost at 
least as much blood as he received. In fact, the patient must have 
been almost completely exsanguinated, and there can be no doubt 
that without the transfusions he could not have survived the opera- 
tive procedure. 

Table 1. — Effect of Addition to Group O Donor’s Cithated Blood of a 
Solution of A and B Group Substances on the Titers of 
THE Isoagglutinins in the Plasma. 


» 

Donor’s plasma. 

I 

Tested 

against 

cells. 

! 

Dilutions of plasma. 

Undil. 

1.2. 

; 1:4. 

i 

1:8. 

1:16. 

1:32. 

i 

1 :64. 

1:128. 

Before addition of 

Ai 

+ + 1 

+ 4-4- 

1 

+++M 

+ + + 

+ + 

+ 

! 

tr. 

_ 

group substance 

B 

+ + 

4* + 

++ 

+ + 

-f* I 

tr. 




Rabbit 

hem. 

+++ 

++ 

+ + 

+ + 

+ 

tr. 

— 


At 


tr. 







After addition of 

B 


— 


— 





group substance 

Rabbit 

+ + + 

+ + 

++ 

+ * 






One drop each of plasma or plasma dilution and test cells {2% suspension in terms of blood 
sediment) -were mixed in small test tubes. Readings were taken after 1 hour. 

Note that while the anti-A and anti-B isoagglutinins are neutralized by the group substances, 
the titer of the agglutinins for rabbit cells is only slightly reduced. This demonstrates the 
specificity of the reactions. 

It should be noted that the transfusion of plasma alone in our 
case would undoubtedly have been inadequate to maintain life on 
account of the vast amount of blood lost. While in smaller hemor- 
rhages the loss of red cells is not serious and satisfactory results can 
be obtained by merely restoring the blood volume with transfusion 
of plasma, in larger hemorrhages replacement of at least part of the 
lost erythrocytes is essential. In emergencies when whole blood is 
not available or is available only in small amounts, plasma is of 
great value and certainlj'^ far superior to glucose and saline infusions; 
but if the hemorrhage continues, it is recommended that at least one 
transfusion of whole blood be given for every 2 or 3 transfusions of 
plasma. In this connection the transfusion of outdated bank blood, 
e. g., blood stored in citrate without glucose for more than 2 weeks, 
would have resulted in only temporary benefit to our patient since 
the erythrocytes of such blood are rapidlj’’ broken down and elimi- 
nated from the circulation within a few hours or days.^ 

Summary. A patient almost completely exsanguinated by bleed- 
ing from a duodenal ulcer, was operated on and the vessel ligated. 
Preoperatively and during the operation (all within a period of less 
than 24 hours) the patient, who belongs to Group AB, received 
transfusions totaling well over 5000 cc. of blood from 10 blood 
donors. Six of the donors used belonged to Group AB, 4 to Group 
0. To the blood of the latter a purified solution of group substances 
was added to neutralize the isoagglutinins. Clinical recovery fol- 
lowed in a situation in which customary transfusion procedures 
would undoubtedly have been inadequate. 
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GELATIN AS A SUBSTITUTE FOR BLOOD AFTER 
EXPERIMENTAL HEMORRHAGE.* 

By IIaroi.o Gordon, M.S., ^I.D., 

.ASOOCIATF. rnOFItF^OIt or P.\TItOI.OGV, 

Leo j. IIooe. A.B.,t 

nKHf:\l!CH ASSISTANT, nKrAUTMKNT OK I»ATllOt.O<;v, 

AND 

Hampden L-am’-^son. I’li.l).. M.l)., 

pHorr.sson or physiology, 

I.OCISVJIJX, KY. 

(From tlip JjVhool of M<Nlicmc, University of Looi^ville.) 

'I'm: po.'J.'^iliility that .«nlutinns of pelatin niiftht he iisctl to rc.-^tore 
the voliiino of ciretilatinp fiiiid, ha.<! occurred to a nDiiiher of iiive.sti- 
pator.'!.'' ’ ” Koccntly. increased intcre.st in hlood siihstitiite.s ha.s 
l(‘fi to a more detailed .st)idy"’ of cert.ain tyj)c.s of fjclatin. 'I'rans- 
fnsions of solutions of isinplas.s, made from the swini-hladder.s of 
fi.sh, have heeii shown to iii.sure the survival of dojr.s after ma.<sivc 
hemorrhace which otherwise would he likely to end fatally.’ Gelatin 
made from caif.skin has hcoi .shown to i)e even more effective than 
isini'la.'^s for thi.s jiurptw, to remain in the circulation in (leteetaiile 
concentnttion for at least 24 hours, and to i>e non-toxie and non- 
antigenic for do^s and rahhit.^.'® Since pelatin, even of the hiphest 
pnifle. is not a pure suhstance, hut a mixture, it is suhjeet to con- 
siderfihle variation when prepared in rlifferent plant.", ami even when 
prepared in the same plant at rlilfereiit titne,-.. It .seemed de.sirahh*. 
tlierefore. to rejieat some of the older e.xperiments, iisinp a sjH’eiaily 
prejiareii pelatin. 'J’he peliitin .sele«-f(sl was preparefi hy hyrlrolysis 
of alkali-treated hone collapeii, and was M)i)plied as ealeium peln- 
tinate..J The danper of contamination with pathopenie epore-', as 
suppestet! hy some w<trkers,’ is prohahly less with pelatin prepare<i 
from lione than with pelatin })rejiare<l from hides. 

It is well known that even iTystalioidal injeetiojis may temporarily 
re-ti>r»' the volunse of the eir<-t!latio!t' nml, hy permittinp an animal 


r 
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c«luro.< for withdrawing blood and injcctijtc t^olution# wero made a-; nearlv 
standard a.« i)o--.--ib p, partirularly with rc?pcct to the rate of the liPinorriiacV 
or injection, and the tunc clap'^ing Iictwccn the end of the hpniorrha'’p and 
the beginning of tlic injection. 



('nrnjilui-'tti f»f NaCl Ut f ^^i^h 

jn kH'. In nn ‘1 //. i]»#' rtirvi** «*ri ih<* *lto;v th»* r«’t 

in 1 I’TsI lio/'* or. tho n;rv»’-‘ «>f i»r!rri*il to tin- of 

\ dftum Hi »* l.»*ni'irThti*‘* ("c*' T)ir ffji'I'i!*' of rurvr* ’^f'ov\'v 

t!s*’ ••{.’‘.T.:.*’' Hi ^^lth !irn*‘ foilor.inr tion of < ei'i' ^!iro* 

f.!) or ifh Tirrn* i* riv<'n in niinnt*-^ of fh^- 

ti .‘1 Th'* »'nr% otj tho ri.?ht ij,,- »jf nrt»'ri’v! to tlr* 

o^ i-! y'-l t!r;*-n;s tf’irit::? lirmorrlin-*’*, K‘- r-x**' rt* Ur' ttrri'* 

H. t: '\*fi \tv t* <»f t! *• j-t »*•>■» Is Tsr tmr* r*-*'*'*^!*. 
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approximately 3 cc./kg. per minute. As is shown in the fi^re, the immedi- 
ate restoration caused by the two solutions was not strikingly different. 
Following the injection, however, every animal receiving the crj^stalloidal 
solution showed a considerable fall in pressure (Chart lA). In contrast, 
all the animals receiving gelatin (Chart IJS) showed a rise above the immedi- 
ate postinjection level, usually reaching a peak within 10 to 15 minutes; 
and in no case was arterial pressure lower, at the end of 30 minutes, than 
immediately following the injection. Chart 1 also shows the difference in 
the ability of the two groups of animals to maintain arterial pressure during 
the second hemorrhage, performed in the same manner as fhe first and 
beginning up to 30 minutes after the injection. The animals receiving gela- 
tin to replace the blood lost during the first hemorrhage, appeared to be as 
capable of maintaining arterial pressure during the second hemorrhage, as 
they had been originally (Chart IB). On the other hand, those receiving 
glucose-saline invariably showed a greater fall in pressure for a given volume 
of hemorrhage, than originally (Chart lA). 

Table 1. — Summary of Experimental Data. 


Initial hemorrhage. B.P. after replacement. Second 

■ . / . hemorrhage. 






B.P. at end. 

Immediate. 

30 min. later. 



— A. ^ 



Control 

Vol. 

. 






Vol. 

Ratio, 









Dog 

Wt. 

B.P. 

cc. 


% 


% 


% 

CC. 

vol. B: 

No. 

(kilol. 

(mm. Hg). 

A. 

Mm. Hg. 

control. Mm. Hg. 

control. Mm. Hg. 

control. 

E. 

vol. A. 






Glucose-Samne. 






10 

8.0 

140 

280 

80 

54.8 

160 

109.6 



140 

0,5 : 1 

n 

12.0 

102 

440 

70 

48.9 

152 

93.8 

120 

74,0 

220 

0,5 : 1 

12 

9.1 

164 

320 

50 

30.5 

148 

90.2 

78 

47.0 

80 

0.25 ; 1 

13 

10.3 

160 

360 

80 

53.8 

162 

101.2 



200 

0.55 : 1 

14 

S.9 

106 

200 

44 

20.5 

150 

90.3 



140 

0,7 : 1 

IS 

7.4 

140 

260 

44 

31.4 

100 

71.4 

70 

50.0 

120 

0.46 : 1 

16 

5.2 

ISO 

ISO 

08 

45.3 

144 

90 0 

112 

. 74.7 

80 

0.44 : 1 

Avg. 

8.3 

155.4 

291 

04 

41.3 

145 

93.2 

95 

01.6 

143 

0 49 : 1 






Gelatin-Saline. 






2 

8.6 

190 

300 

58 

30 5 

208 

109,9 



200 

0.87; 1 

3 

9.1 

100 

320 

90 

56.2 

160 

103.7 



360 

1 . 12 : 1 

4 

10.3 

100 

360 

.50 

30.1 

148 

89.1 

146 

sko 

180 

0.5 : I 

r> 

11.8 

130 

400 

30 

23.0 

114 

87.7 

124 

95.4 

200 

0.5 : 1 

G 

12.0 

162 

420 

86 

53.1 

154 

95.0 

100 

102,4 

500 

1,19 ; 1 

7 

7.4 

172 

260 

40 

23.2 

142 

82,5 

176 

102.3 

260 

1,0 :i 

8 

8.0 

148 

300 

68 

46.0 

128 

86.5 

126 

85.1 

240 

0.8 ; 1 

9 

7.4 

164 

260 

116 

70.7 

156 

95.1 



240 

0.92 : 1 

Avg. 

9.4 

161.5 

327. 

5 67.2 

41.6 

152 

93.7 

147.3 

94.6 

280 

0.86: 1 


Table 1 summarizes the pertinent data of Chart 1, as a basis for a quanti- 
tative comparison of the two solutions. As is shown in the table, in both 
groups the average volume of blood drawn during the initial hemorrhage 
amounted to approximately 40% of the animal’s estimated blood volume 
(calculated as 8% of body weight). Arterial pressure at the end of this 
type of hemorrhage averaged 41.4% of the control. Although the immedi- 
ate restoration of arterial pressure was nearly complete and equal with the 
two solutions, after a lapse of 30 minutes, pressure in the glucose-saline 
group had fallen to 61.6% of the control, while in the gelatin group it was 
still at 94.6% of the control. The last two columns in the table show the 
volume of blood_ which had to be drawn during the second hemorrhage in 
order to approximate the arterial pressure reached after the first hemor- 
rhage, and the ratio of this volume to the volume of the initial hemorrhage, 
k or the glucose-saline group, the ratio_ of the volume of the second hemor- 
rhage, to that of the first (both resulting in lowering the blood pressure to 
approximatety equal levels) was 0.49:1; for the gelatin group, the ratio 
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avpraciod 0.80; I. On the hasi’^ of tlip^o criteria, tlic relative ahilitv of 
Rolatin and pluco?e-«i1ine wlutinns to replace blood :i.< circnlatiiiE fluid for 
a })criod of 'dO minutes, may be arbitrarily exjiressed as the ratio .Si'ir-fO. 




C’lmtT U. — C’miinari-'on of d<-fit)rit>.it<'<l l)1oo<t (.1) v.ith Sfr to 1091 Ct'Ialin iti O.lC'r 
NrCI (/ft. f’ojmnirtioii of fidlrc cxm-tly ti" in Chart I. 


A conijiari-on of pcbitin with defibrinated IiIwhI is .sbotvn in Chart 2. 
Tho cxiwrimciit.s were carri(?d out in the same manner as tho'C de-eribed 
above, except that arterial pressure was followtxl for 2 hours after the 
initial bemorrhaue and injccti'ui. s\s is shown in Chart 2H there was usually 
no fall in pres'Urc Itelow the imnuKliatc );Keluii(a:tiou level for tlie fi^t hour 
m the docs reci'ivinc celatin. There was U'Ually. however, eonsiderahle 
loweriuR of jircs'Un- diirinc tlie swmd liour (the averaRi' lowcriuc; diirinK 
th(> etitire 2-hour interval is 14' ; of the ummsUate postisiji-ction pre"Ute). 
The animal' n-ceivini: derihrinatfsl blood (Chart 2,1) 'erve a- a control, for 
all the evffrimejits re;«,rUsi h'-re, on tli*' cfTect' of the mie'the'ia and on tie- 
eUf rt of tl’.e t' UijxiTary nshietioii of bhvsl vohitne thirinc the fir-t hejssor- 
rli'liz*', Vv' ith optiuunn re)>!arejiii'ni_ As is ^howti in thi'Ch.art.th'-e .aniinal- 
a- a ru!" mauitain'-d a fairly con-tant .arteri.'d iire-ure throuchouf. tfe- 
l« rii'l of ob-ervatt'>n sollov inR r»-'tiiratioiv tif the iih»''l %'olutne lo-f (iurinc 
thr’ ie.ititd heru'^rrhace, Tiiev al-o 'hrc.\tai feily !i shclit h>-- f,( ability trt 
muntaiTi prt-'U,'-!’ duririR the sfT,,nil hemorrliace. The d<r;’. ri<>ivinc 
Rel it':;! 'tarti'i tl'.e 'econd b.etuiijTl’.aRe v.itb a 1 ov.it pri-'Un' tlr’.n <li-t tho-e 
fivsitirtR but a- a rule 'bowed r. more jrnniu'd fisl'irt'.oti iri pr!--'o'>- 


t!..- 


rrh.-iRe pn 


■riorra-tiots (i<-er\d-.R of fiirti.'r -ttidy 
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Discussion, The ability of the cardiovascular system to maintain 
arterial pressure during severe hemorrhage is probably as rigorous a 
test as can be applied to the sj^stem. An interpretation of such a 
test in terms of the separate factors which govern arterial pressure, 
such as blood volume, blood viscosity, the work of the heart, tone of 
arterioles, and so on, is obviously impossible® without additional 
data. It appears, however, to offer certain advantages, in addition 
to its simplicity, in an investigation of this sort, where interest 
centers primarily about the ability of the circulation to keep itself 
going, and where the mechanism which enables it to do so is of 
secondary concern. On the basis of such a'test, gelatin appears to be 
definitely superior as a blood substitute to glucose-saline, although, 
as might be expected, it is inferior to defibrinated blood. This con- 
clusion is supported by the other data presented here, which show 
that gelatin solutions restore arterial pressure after it has been 
lowered by hemorrhage, for a considerably longer time than does 
glucose-saline. Again, in this respect, gelatin solutions appear to be 
inferior to defibrinated blood. That the elevation of arterial pressure 
produced by the gelatin is not due merely to its effect in increasing 
blood viscosity®'® is suggested by the fact that pressure continues to 
rise for 10 to 15 minutes after the injection, as it does after injecting 
defibrinated blood. Such a postinjection rise would be expected if 
the injection increased the colloidal osmotic pressure of blood, and 
so permitted blood volume to increase for a time after the injection 
was completed. Obviously, this interpretation cannot be given 
with assurance without data on blood volume. 

A clinical studj'^ of the effect of intravenous injection of these 
gelatin solutions in human subjects is now in progress. '' The results 
thus far obtained have been encouraging, since no severe reactions 
have followed transfusion with our solutions. It appears that gelatin 
from this particular source, prepared according to the directions 
given here, is without immediate toxicity for the human as well as 
for the dog. One of the early objections to gelatin for intravenous 
use, namely, that heating it to sterilizing temperatures would cause 
toxic decomposition,^ does not seem to be applicable to the gelatin 
which we studied. In view of possible variation in gelatin even 
from the same source, test solutions are prepared from each new 
batch, autoclaved, cultured, and tested on the dog for toxicity. 

The question of antigenicity for the human cannot be answered 
from our data on the dog, or the data of others.®’^® Although gelatin 
is usually regarded as non-antigenic, the possibility of antigenic con- 
taminants cannot be dismissed lightly when dealing with such an 
impure substance. A thorough investigation . of this question is 
planned. 

A final clinical evaluation of gelatin solution as a blood or plasma 
substitute will have to be postponed until the question of anti- 
genicity for the human is settled. It cannot be predicted with 
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assurance ^yhetlKT gelatin will show any superiority over erystal- 
loidal solutions in a vascular system damaged hy sl'iock, since our 
comparative data were obtained hy study of a system which is 
normal except for the effects of anesthesia. 

Since this study was begun, a number of ])ublications have aj)- 
pcared on purified bovine albumin as a sniistitute })iasma colloid.- 
Although tlie available data show that this material is non-toxic aial 
capable of maintaining the circulation, data on its antigenicity for 
the human are lacking. Occasional subjects are reported as giving 
positive reactions to intradcrmal injection.® Since the fletermination 
of antigenicity for materials injected intravenously is largely on an 
empirical basis, data on this point will accumulate slowly. In view 
of the urgency of the present need for transfusion fluids it would be 
premature, therefore, to discontinue study of other blood substitutes. 

Summary. Etherized dogs were subjected to massive hemorrhage 
under controlled conditions, and the volume of blood drawn was 
replaced immediately with defibrinate*! blood, with a heaf-.stcrilizcd 
.solution of bone gelatin S to 10% in 0.9% Xat'l, or with 0 % glucose 
in 0.9% X'aCl. 

.Ml three of these solutions produced jwaetieally complete innnedi- 
jitc recovery of arterial ])ressure. The restoration of i)ressurc with 
defil)rinatefi hloorl was still jmictieally complete at tlie end of 
2 hours. The restoration with gelatin was usually still eoinpletc at 
the end of the first hour, and appro.vim.'ttely snCo complete at the 
end of the second hour. The restoration with glneose-saline was 
oidy 02%, eom[)lc{e at the end of 20 minutes. 'I'ln- dogs restored 
with gelatin snifered no greater fall in pre-ssure during scemid 
hemorrhage than did the dogs restored with defihrinated hloo<!. 
The <logs restored with ghu'ose-saline, however, were less ai)le to 
withstand second hemorrhage than those of the other two groups. 

X*) clTccls on arterial pressure t>r rcsjiiration suggesting tiic 
proscnc(' of toxic jjrotcosi’s or amines in tiicsc autoclavc<l gelatin 
solutions were observed in dogs rccci\-iug up to 20 cc. kg. without 
previous hemorrhage (7 dogs) or in *logs receiving up to !>0 ce. kg. 
jiflcr hemorrhage (.'IS dogs). .Anapliylactoid reactions were not 
oh<crved in animals (2 dogs) injected with -10 ec. kg. of gelatin 
solution 9 to 1 1 weeks after a sensitizing injection of -10 cc. kg. .Xo 
pafhologie ehauges were dcmoustndile on necropsy in any of the 
animals U'<'<1 in this study, including the two latter animals. 

Conclusions. (Jclatiu solutions a{>p<'ar to occupy :in intermediate 
po'itioii between bhuKl and crystalloidal solutions in their ability to 
niaitit.ait! the £-ireulatioti after bio£xl io-s, 'I’iic restoration of the 
eireiilatio!) hy gelatin l.'i't' siiniciently hmg to rs>ver many eiitiieal 
emergeneies. .<inee the s.-itnpics of gelatin which hav£- been fc-ted 
e.'ii) be made uji in solution and :int<><-!.'ivt-d to -tcrility without tiie 
developtnent of rieiuon-tralile toxicity for the dog. furtlu-r 
uith a \ ie'.\ t<t c'ic.ica! trial is indi<-;it<si. 
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STUDIES ON THE HEMORRHAGIC AGENT, 3,3'-METHYLENEBIS 

(4-HYDROXYCOUMARIN) . 

n. The Method of Administration and Dosage.* 

By Ovid 0. Meyer, M.D., 

associate PROFESSOR OP MEDICINE, 

James B. Bingham, M.D., 

INSTRUCTOR OF MEDICINE, 

AND 

Velma H. Axelrod, S.B., 

TECHNICAL ASSISTANT, 

MADISON, WIS. 

(From the Department of Medicine, University of Wisconsin Medical School.) 

In 1939 Prof. Karl Paul and liis associates isolated and 

crystallized the active principle in spoiled sweet clover that was 
responsible for the hemorrhagic disease of cattle. Shortly there- 
after a series of brilliant investigations culminated in the synthesis 
of a compound that was identical in biologic characteristics to the 
isolated principle. This substance is 3,3'-methylenebis (4-hydroxy- 
couinarin).t 

In a previous report^ it was demonstrated that the administration 
of this dicoumarin either orally, or intravenously in the form of the 
disodium salt, is succeeded by protracted prolongation of the pro- 
thrombin time and coagulation time in dogs and human beings. 
This effect follows an initial latent period of 24 hours or more suc- 
ceeding the exhibition of the material. No untoward symptoms 
attended the administration of this substance in therapeutic 
amounts, but excessive quantities produced spontaneous hemor- 
rhages and fatalities in dogs. Postmortem examination with gross 
and microscopic studies did not reveal significant pathologic change 

* This study was aided in part by a grant from the Wisconsin Alumni Research 
Foundation. 

t Hereafter in this paper this specific substance frequently will be referred to as 
dicoumarin for the sake of simplicity, even though other dicoumarin derivatives are 
under investigation. 
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in the liver or kidneys; hut it did show, in many animals. widesj)road 
dilatation of capillaries, arterioles, and venules. No lesions in the 
walls of the vessels were ol)scrvcd. At the time of the oridnal 
eomnuinieation the ])otential hazard.s of this dicoumarin and its 
possible advantages over lieparin Mere discussed. 

When the previous report was published, .‘k.3'-methyienebis (4- 
hydroxyeoumarin) had been given to only 22 patients. The first 
10 )iad received small doses, 2 mg. per kiln or less, and the results 
M-ere either negligible or very moderate. In the remaining 0, the 
efiects were striking. Since July, 1941, the substance has been 
given to 51 patients of varying ages, of both sexes, and under a 
M-idc variety of clinical conditions. Thus to date m'c have adminis- 
tered the material to 7.3 patients. This communication reports the 
re.sults of administering this dicoumarin to human beings and sug- 
gests the proper dosage. 

Methods. Tlie protliromhin time was detcnnincti on undiluted pl.asmn 
with Polde .and Stew.arf.s modific.ation'^ of (^nick’s method. On c-acli day 
timt test.s were m.ade 1 or more untreated patient.s were tested; these 
.Bcrvcfl as a control for check uj)on the tcclmiciue and ixjtency of tlio tlirmn- 
iwplastin. Ordinarily tlic thromboplastin w.as of .such iy)tcnc'y that the 
nonnal protiirombin time for human beings was f)..o to 10..5 seconds. Tlie 
apprfiximato percentages of prothromlnn in human p!.a.sma a.s derived from 
the ciiart of Polde and .Stewart are as follow.s; a time of 12.5 .«econds 
indicates a concentration of about .50':; of nonnal; 19 seconds, 2.5*4 of 
nonnal; and 30 seconds, 12..5f; of nonnal. A time longer than 45 .=cconds 
was generally Ic.-s accurate l>ecause of the greater difficulty in detennining 
the end i>oint. 

The coagidation time was me.^sure<^ at room temperature by the 2-tube 
inetlifKi of Ixx* and White. Circ-at c.are was taken to make sharp veni- 
punctures, to have a free flow of bhxKl. to avoid t(M) great suction in the 
collection of .sampU's, to avoid air bubbles, and to transfer the bhKxl to the 
test tube.- \rith a minimum of agitation. The tubes were scnipulously 
clean and tlie syringe clc.an and wet. By tin.-' method the nonnal coagulation 
time ranges from (t to 12 minutes. 

Mntrrinl». 3.3'-MolhyIenebis {4-hydroxycoumarin) was u.'e<l exclu.sively 
in oral adniini-tration c.xjx'riments; the di-s<Hiimn salt of this suh-fance, 
which was in concentration of 10 mg. jier cc. and at a fill of 10. or 
slightly higher, was the only material usefl intravenously, Tiit-e materials 
were funii'he<l ti.- through tlie kiinine-s of Profe-sor f.ink and Dr. .'''tahmann. 

PatiniSs. The patients had a wide variety of dise.ascs. The ofiject of 
administering tlie dicoumarin w.as to e-tablisb a projifr and safe do-age 
ratlicr than to te-t the fiiera}v'ntic efficacy of the siih-t.'itice. .s^iv </f the 
p.-itient- had t!iromls>-i-. Init in the n-t them was u,, .m-j, indiratioii for 
(lie dnig. .Many of (!'.<• patient-, particula.riy tfio-e studi'fi earlier, iic.-e in 
a.ivanc(-i stagi-^ of :i malignant di-ea-e. Both se\-e- were repn-entfl, 
ranging in ag’" fnuii 10 to ye.ars. 

Comph'te hliswi count-, urine an;dysc~. bl'xsi sugar .and iion-pro'ein 
nit.o'gen defe.-uijnation-. and tie' Bumfed-D’tJe fourtii'iuet te-t nn.-e ihme 
in .all na— In m.uiv, but not all. the hipiyiric .acid liver fiincti.in f» -t, tie- 
r»;iha!!n-c!,o!.'-te.-i'! tf-ceulati'ei fe-:,' t}..f i>-tenj' i.adet. the b!.'-'sjjng tin;-, 
and, ■'.u'jt’.onphthrtl-i:! r-na! funet: >ti t'--t uere dot;- i«'fore nc.-i 

after fs 'n;;'!-;! /.u of ob-.-rvat: m. In s fea, p!ite!<-t cou:;!- were mad-, Ir; 
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was there evidence that the hepatic or renal function was impaired as a 
result of the administration of the dicoumarin. In a few patients the con- 
trol tests of hepatic function indicated the existence of liver damage. In 
these instances particular caution was exercised during and after the admin- 
istration of the dicoumarin. 

Eesults. Intravenous Administration. The disodium salt of 3,3'- 
methylenebis (4-hydroxycoumarin) has been given intravenously in 
varying doses to 27 patients. Of these, 24 received onlj'^ 1 dose, 
3 received repeated (2 to 5) doses. The single doses ranged from 
0.5 mg. per kilo in 2 patients to 6 mg. per kilo in 1 ; the majority 
(15) received 4 mg. per kilo. The 3 patients who had repeated 
doses were given 4 mg. per kilo each time. The smallest doses 
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Chart 1. — Effect of an intravenous dose (4 mg. per kilo) of dicoumarin upon the 
prothrombin time and coagulation time of a 70-kg. white male. The control line 
indicates the prothrombin time in an untreated patient. 


produced relatively little or no effect; the most effective single or 
repeated dose seemed to be about 4 hilo. The patients did 

not all respond identically to a given dose. In all cases, without 
regard to size of dose, there was a latent period of about 24 hours 
before a demonstrable effect took place. After one dose there was 
a usual period of from 2 to 5 days before the maximal effect was 
noted, after which there was a gradual return, over a period of 3 
to 5 days, of the prothrombin time and coagulation time to normal. 
The effects of a single intravenous dose are shown in Chart 1 and 
the effects of repeated intravenous administration of the dicoumarin 
are shown in Chart 2. This route of administration was studied to 
determine the latent period and to rule out the variable factor of 
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absorption. It appeared to have no significant advantage over the 
oral administration in those eases that are able to take medication 
by month. 

Oral Adminl'tlmiioii. .‘ho'-I\fcthy!enebis (4-liydroxyeonmarin) 
has been given orally to 40 patient.s in single or repeated do.-;es, 
varying from 0.75 mg. per kilo to 0 mg. per kilo. In early studies 
mo.st of tlie patients received single and small doses. As \vc became 
more familiar with the effects of the drug, larger and repeated doses 
were given. For a time it was customary to give re])oatcd large 
doses f)rally every 3 to G days, but in recent months it lias been tiie 
rule to give an original large dose and subsequent daily small iloses. 



riMC IN Ddrs 

C'liMiT of A iiitr:iVt‘non** (-1 Kilo) of i»rt (!»»' 

l»ntJhrorjjKif) thuf' niifl ♦>f ti.’j.kir. ninN', 

>inct' this seemed to be the best method of maintaining a more uni- 
form prolongation of protlirombin time ami coagulation time, 
d'vpii'.'d resjaui'es to a large do-e followeii by daily small lio-ev :ti)d 
to repeated large do<es are shown in f'iiart' .3 and 4. 

'I'lie latent [leriiKi, more jiroloiiged. ant! tiie protracted effect njfoti 
the protliroinbit! time ami eoagulatioii time denion-trated Iiere 
as in tlieexpi rimeiifs where thedrug wa^adn)ini'fered infnivenotj-ly. 
At pre.-ei\t it i' eti-tomary to give an initial do-e of 4 vig. j.- r l:lli' 
(t’ul ti> (tJhfr it u'iti: iliuh/ r/oo-.-f of' vir;. j"r l:tln, llli-* do-e 

iie.'irh’ abva% - etfeetive. 'I'iie re.-pon-e to liii- do-e varied eun-aier- 
ablv. In some patietit^ the jirolongation iti prothromiaii titrie ;ttid 
rieigitlafion time w.i- grearer th.an w.i-.fif-irt d. he.n thi- occurred, 
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the material was withheld for 1 or more days, until there was a 
trend toward normal. It is imperative when using this anticoagu- 
lant to make daily determinations of the prothrombin and the 
coagulation time. 

It was found that an initial dose of 5 mg. per kilo followed by 
daily doses of 1 mg. per kilo produced a satisfactory response in 5 of 
16 patients. With an initial dose of 5 mg. per kilo, followed by daily 
doses of 1.5 mg. per kilo, however, satisfactory response was noted 
in 11 of 14 patients; the results are shown in Table 1. 


J,J - MCTHYLEN£BIS {4 -HYDROXYCOU MAR I n) 



7/ ME IN DAYS 

Chart 3. — Effect of repeated oral doses of dicoumarin on the prothrombin time 
and coagulation time of a 6C-kg. white male. | indicates a dose of 5 mg. per kilo, 
t a dose of 1,5 mg. per kilo and X a dose of 1 mg. per kilo. 

The prolongation in the prothrombin and coagulation time in the 
patients represented in the table is significant in all but 3 instances. 
In Cases 1, 2, 3, 4, and 8 the prolongation in coagulation and pro- 
thrombin time was greater than is theoretically necessary and actu- 
ally reached hazardous levels. Although microscopic blood was 
noted in the urine or feces of 6 of these 14 patients, when coagula- 
bility of the blood was least, gross hemorrhage occurred in only 
1 patient (a recentlj'^ studied case). This was protracted and severe 
enough to cause real concern, and hence some details are warranted 
here. 

Case I.— Mrs. H. V. B., a 44-year-old housewife who weighed 237 pounds 
(108 Icilo), had chronic endocerwcitis. Preliminary studies, including 
bleeding and coagulation time, the Rumpel-Leede test, blood non-protein 


coagulation time in minutes 



Kiu. i:i i !.-r r.r Oiiu. Ai.misi^tiutiov m- MKTiiM.r.NKnis (J-ffvimoxvcouMUii.v) Urns tiik CoAfjn.ATio.s- ani> I’KoTitnciMiiix 
Oiitritiul Dfwt. of 5 Mu. IKT Kilo !iiitl .'^iih-oqucnt Daily Dohm of l.a Mu. per Kilo. 
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iiitro"!’!) aiui f’ii|co,'C (ietonninati'iii. the cejilialiiw'liole'tcni! fiocciilatinii 
te.'f. and hiiipurir acid liver function test, were all within nonnal liinits. 
She was piven .>10 tnp. (5 nip. kilo) of thi.s diconinarin on the day that dila- 
tation, hiop-y. and eaiiterizatiou of the cer\-ix and enrettape of the uferu' 
was {lerfonned under cyclopropane and nitnius oxide anestlic.-ia. Thereaft er 
the patient rcceivtvl daily dose.s of 1(12 me. (1.') me. kilo). ( )n the fifth d.ay 
followine ojicmtinti, 7 days prior to the re.pnlar men.strual period, she hepaii to 
have vapinal hleedinp. Blecdinc was not exoc.-sive tint il the eiehth ixi.stojiera- 
tive day, when the drup was tiiscontinued. On this day tlie co.apnlation 
time was 2.'i minutes, the prnthronihin time l!h.5 seconds. Profuse to 
moderate hlecdinp tiersisted for 9 more days. Five transfusions of fresh 
whole blood. ,o00 ce. e.ach, were piven between the ninth and eipliteenth 
jK'stoperativc days, spared ns shown in the table. Despite the transfusions 
the hemoplobin fell from n level of l.a.O pm. on the day of operation to 
11.1 ptn. the fl.ay followinp the last transfusion. Xo pro.ss blcedinp was 
demonstrated from any other than the site of the operation. 



i /r /I ^o 


r I vt if< ZJtri 

finer 1 I'lTi--! (■! "rnl lii"'— <>f on l[i>' liiiu' 

nt.t! :i 71-kr. e.tiio' in.<!e. ; iii.ti' .I'.i-* .-i .Vtiic itn--' ami > a 

l-mc O le l; a!.- n lO.rr.c <>•;>! <1 nf 'J 1-1 . l-iesiitilh'Hiinmi!!!- Tie- 

I-. .■■in* ’'. ,<7,.,. ,.f (>..• •.iiamii! K .'I'ltriei-Oait'-n i- -l.'r.it; 

'riti- jcitiont p:nc n-- inm h conci-ni dnrinp tin- period of bleeilinp. 
'File fir-t ■! tran-fu'ion-- wen- temporarily beimfieiai but not eoin- 
plctelv enrreetiw. It i^ fio--ib!e that larper fjUantitie- of blood 
mipht ha.’, e b'-.-n more etTective. I?> the eipliteenth postoperative 
da;, the p.stieat liad m-t reci ir ed t’ne dicoumarin forbdak-. il nia> 
be '.lid that the adniini tration of tin- -nli-tanee to a patient that 
b.s' 1 etirretteinent of a niuniu- membrane siirfaet- >- tinii-ual and 
rl' i- 

1 K‘ - I ^ Mt-jh \ i.'» > »‘t!r of the hiitrr* nt Hniit.tt if-ii- ii; til*- K *t* 

1 1,!" 4:"' FTfri:* I'- , <?»*< rr;!- »* in 



3 ,3 -METHYLENEBIS (4-HYDIIOXYCOIjMAIIIN) 


19 


the blood. The effect may be great and prolonged for days after 
the medication has been stopped, thus suggesting a cumulative 
effect of the drug. A similar effect had been previously observed 
in dogs. 

Effect of Vitamin K. It has been shown that the simultaneous 
administration of vitamin K orally or intramuscularly to dogs in 
1-mg. and 2-mg. doses did not inhibit the prothrombin-lengthening 
effect of the dicoumarin. Recent studies demonstrate that doses 
as large as 10 mg. of 2-methyl-l, d-naphthoquinone to human beings 
do not prevent the lengthening of the prothrombin time and coagu- 
lation time. Chart 4 demonstrates the lack of gross effect of 
synthetic vitamin K upon the prothrombin and coagulation time. 

Effect of Transfusions. Although the administration of vitamin K 
is not an antidote for the effects of the dicoumarin, it has been our 
experience that a transfusion of blood will shorten the prothrombin 
time and coagulation time. A quantity greater than 500 cc. may 
occasionally be necessary for satisfactory results. This effect is 
often transient, usually of about 24 hours’ duration, and repetition 
of the transfusion may be necessary. This corrective effect confirms 
the finding of Schofield*®'*’ and Roderick’ tliat the lives of cattle 
with serious hemorrhage can be saved by transfusions of serum or 
whole blood. 

The effect of transfusions has been demonstrated 13 times in 
8 patients. Fresh blood was found to be preferable, but bank 
blood, if not too old, appeared to be partially effective. The effect 
in the one case where fresh citrated blood was used is shown in 
Case 3 (Table 1), details of which are given above. This was the 
only ease where transfusions were given to control bleeding. After 
4 of the 6 transfusions the bleeding Avas less but not completely 
controlled. In other patients with less marked prolongation of 
prothrombin and coagulation time, transfusions Avere effective in 
bringing about a temporary return to normal levels. 

Discussion. The use of 3,3^-methylenebis (4-hydroxycoumarin) 
to prolong coagulation of the blood in human beings appears feas- 
ible. Its administration, orally or intravenously, cautiously carried 
out, has not been attended by any symptoms of toxicity other than 
hemorrhage. Blood in microscopic quantities, as demonstrated by 
positive benzidine tests, appeared in the urine of 10 of the 73 patients 
at the height of the response. In 4 patients occult blood by the 
guaiac test was found in the stool. The case cited above, where 
curettement of the uterus was performed at the time the dicoumarin 
was being administered was the only one where gross bleeding 
occurred. The bleeding was restricted to the operative site. 

The advantages of the dicoumarin as a possible substitute for 
heparin in the prevention of thromboses are quite obvious. The 
dicoumarin may be produced relatively cheaply, it may be given by 
mouth or intravenously, and a prolonged effect is obtainable. The 



20 


MKVi;n, niNnn.vM, .\xi;i.noi): 


tlitTapciitic* intiex appears to he liifrh. Doses as great as 2') ing. j)er 
kilo may he given intravenously to dogs without producing serious 
efTeet. whereas doses of 3 to o ing. per kilo will produce the desired 
prolongation of coagulation. The inevitable latent period after 
administration is a disadvantage in certain cases where immediate 
prolongation of the coagulation time is desired. There is, however, 
no thct>retical objection to immediate treatment with heparin and 
suhsefiuent substitution of the dicoumarin. The probable addi- 
tional disadvantages are the apparent greater toxicity of this dicou- 
marin in ex(>essive doses and the fact that once the coagulation is 
prf)longed it cannot be shortened quickly by withholding the drug. 
We have given this drug in .suitable doses orally each day for as 
long as o weeks without fliscernible toxic effect. 

Whether or not 2,:i'-mcthylcnebis (4-hydroxycnumarin) or one of 
its flerivatives will be eflicacious, as heparin a])pears to be, in pre- 
venting thrombosis, is .still to be determined. Our main puq)ose 
to date liJis been to esf.ablish a reasonably s;ife dosage. We have 
given it to only (i patients with thromboses and to none for the 
distinct purpose ()f preventing thrombosis. Much study will l)e 
necessary to .settle this major point of therapeutic efficacy. 

This dicoumarin is potentially capable of inducing unde.sirable 
hemorrhage even in a dosage which is con.sidered to he within the 
tlu'rajieutic range, ft is our firm belief that its indiscriminate use 
would i)c extremely hazardous, and we urge that those win* employ 
it administer the minimal eilective dose and avoid its use where 
gro-s hepati<- di-case is known to exist. Because of consideraf>le 
individual variation in response, it is imperative for the present that 
the pr<tthromi>in time and coagulation time be measured not less 
often than once a day. Thede.sirnl degree of prolongation of coagu- 
lation is not known with certainty. Imt it aj)i)ears that a coagula- 
tion time of a])proximate!y l.> to 2(1 minutes should be stiitable and 
not too hazardous. Prolongation in the prothrombin time to i)e- 
tween 12.0 and !!• seconds (approximately o!p.f to 2-')^; of normal) 

1- profialily rc:isf)iiafily safe. .M tlic H'-sccond level the j>crcent:igc 
of }»rothrombin in the bhxwl by tin- imulawl we ii-c is apj>roximate!y 

2- ’>'','. and lower level- are not de.-irablc. 

.\t the j(rc-eMt time it i- o\ir ojnuion that simultaneou- determina- 
tion- of the prothrotniiin time c.'imiot be omitfixl. .\lthnugh the 
!e'-<-!)itig of (T).'igula1>ility cif tlie IthwHi is enicial. a chc<-k upon the 
enah r teelmiral jirocrshirc of determining the co.igulation time of 
V. iio’e bliHsi i- de-irable, *i’he determination of the prothrotnbit! 
linn- i- le-- -ulijeet to error in tfn' haiiil- of tniisied workers. 

'I'he ad!uit:i-!rat!i>n of :i.:’.'-meth.vlenel>i- ( !-hyilroxycoumarin) 
pri-h;. vd, pro!i. tio'i id the pnuhroinhin tiiin- atid coagnl.ition 
tone. Whi ’h.er ic not the eragnlation tiisn- i- pro!i>!tged fiernu-e 
of t!;i' d'- re.!-e in pruthrotnhifs i- not e-taftli-h'd bevruai qiie-tiofi 
.jng'i tlote j^. iii iiiu-t in-tac.ei-'. a p.-'rallelion, "lie- niamaT 
jn e i,;i ti e di''i!irti.ir!r; art- to pri*!:i!e pruiotig.Oiurs iri tli” pno 
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thrombin time after the latent period is not known. The theory 
that seems most attractive is that it acts as a physiologic inhibitor 
of prothrombin formation by the liver and that during the latent 
period the prothrombin of the blood is depleted. This possibility 
of liver inhibition is strengthened by the fact that vitamin Iv ad- 
ministration in adequate dosage is ineffective in preventing the 
increase in prothrombin time. 

A, second possibility is that the prothrombin produced in the 
presence of the hemorrhagic agent is altered in such a way that it is 
inactivated. The latent period might be due to some change that 
the dicoumarin must undergo in the body during the latent period 
before it is capable of functioning. Studies in progress by W. R. 
Sullivan, R. S. Overman, M. A. Stahman, and IC. P. Link indicate 
that the hemorrhagic action takes place after the molecule of the 
compound has undergone certain changes in the body. 

Conclusions. 1. The administration of 3,3'-methylenebis (4-hy- 
droxycoumarin)— here referred to as dicoumarin— to human beings 
produced prolongation in the prothrombin time and coagulation 
time. The dosage and mode of administration have been discussed, 

2. The minimal effective dose should be employed. The neces- 
sary dose for the desired decrease in coagulability of the blood varies 
Muth the individual case; but it appears that an initial oral dose of 
5 mg. per kilo with subsequent daily oral doses of 1.5 mg. per kilo 
is effective in most patients. A single intravenous dose of 4 mg. 
per kilo was found to be suitable and effective. This dose may be 
repeated when necessary. 

3. During the period of observation the prothrombin time and 
coagulation time should be determined not less often than once 
daily. If the increase of prothrombin time or coagulation time 
becomes too great, the dicoumarin should be withheld temporarily, 
and, if necessary, blood transfusions of 300 to 600 cc. should be given. 

4. One patient who received dicoumarin following curettage of the 
uterus developed gross hemorrhage locally. No other gross toxic 
effects attended the use of the material in 73 patients. 

5. The administration of vitamin K did not prohibit or correct the 
prothrombin deficiency produced by 3,3'-methylenebis (4-hydroxy- 
coumarin). 
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AETHoron various stu(ne.s Imvo indicated that true renal j:ly- 
cosuria is not associate*! with renal disease’ or *!eran,i:cmcnt in 
^loincrnlar function,’'’ no comprehensive and (jnantitative study lias 
been made of tiie renal lilood flow and the de.cree of renal tnlnilar 
reaiisorption of f;hi(,‘ose at inereasinp plasma eoneentrations of f;Iii- 
co'c in this comlition. 

This commimieation jiresents simultaneous measurements of the 
E'lomcrular filtration rate, the renal blood flow, tbe filtration fraction 
ami till* tubular rcabsorjition of glucose at different plasma concen- 
trations of i:!nc*tst> in .'> iiatients with moderate renal >:lyeosnria and 
in 7 controls. 

Methods, The difKlni-t an*! imiliii dearatir** iiiethfKf- were utilizeii tor 
the <--;iu!.’ition of tlie eJTeetivf' renal hlofnl flow ati'i th*' rate of f;lotrieni!ar 
filtration ri‘'is>otiv('ly. 'I’he same pnwfslure for these tw*t ileferminatiou' 
wa- followed a- previon-ly de'erilKsi' except that the primini: infu-ion in the 
pre-ent inve-ti;:atio:i con-i-ted of (<i) ,'iOcc. of 10*; iinilin solution, (h) .">0 re. 
of .Ve; e'uco'e and (r) 1 <•<•. .of *lio‘lra>t snhition. The Mi-lainini; 

infu'ioii l■o!;-i,.te>l of it:) 10*1 re. of 10',' inulin solution, (h) -100 cr. of .oO' ; 
eluco-o solution, (r) ,'i re. <tf ; tliodra-t solution and 0!) --V) re. of luirnia! 
'■iline. .Ml rli'.irnnrr' wi re adju'tisl to I.T.'Jsi). ui. of -iiirfaci' area. 

Hfssl -s.'.nph-- wi re taken ;tn, fJt. (lO atid 12tl iniuut<-e after the -u-tainifiir 
lafu-: -.’! h '.d ia-.-!) -tart'-i. Total nririe collection' were t;iken -E'l, ft), 7.'>, (•U, 
pi' :■,).<! r.’il initait'" !.!!> r th.e .-u-taiiiini: infu-ion had Issn startiil. For tla* 
f.r-t .'t t the .-’:-tain!!u; infu-ion wa- allowHl to entfr at a ra.te of 

c" ;» r nu:.'!;*’. 'i'i;'.- r-.te v.a.- incri-a-i-i ‘J re. ever.' oH jni.’iuti- -o that. 

tl.e r: U of th.e ex’»'ri:!;t 'it, tie- patient v.a- ren'ivjj.o Jo re, iif -•I'-tairur/z 
inf'i-’, n ji-r n.ui'st,-. At tl <■ i n/j of EH niinut*", the pj’i--r,t wa- a!-o civ, 
an r.'llA: e.-.l le-. of jrluei.'e -olutioTi. In tin- tnatiuer, the* tlite** 

S'lt ».■ 1-v s fo-i •!- is-; i-n-.-e ,f MoO-,- m-.-o-h >t 
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essential measurements were determined at constantly increasing blood 
glucose concentrations. 

The blood and urine collections were analyzed for glucose, according to 
the ihethod of Folin,® diodrast iodine, according to the method of White and 
Rolfi'^ and inulin, according to the method of Alving and associates.^ 

The determination of tubular reabsorption of glucose was performed 
according to the principles given by Shannon and Fisher'^ and Goldring, 
Chasis, Ranges and Smith.® The glucose filtered through the glomeruli was 
calculated as the product of the inulin clearance X the plasma concentration 
of glucose. The tubular reabsorption of glucose was .calculated as the 
difference between the amount of glucose filtered through the glomeruli 
(mg. per minute) and the amount of glucose found in the urine (mg. per 
minute). 

The renal glucose reabsorption index (R.G.I.) was calculated as the ratio: 
glucose altered through glomenili (mg. per minute ) 
glucose reabsorbed by tubules (mg. per minute) 

because it allowed a comparative evaluation of the degree of tubular reab- 
sorption of glucose in any particular case, regardless of the rate of glomerular 
filtration. Diminished reabsorption, then, would be expressed by a high 
index, increased reabsorption, by a low index. 


The 7 normal individuals studied had normal blood pressure and 
had no signs or symptoms of kidney disease. The urine of each was 
negative for detectable glucose by the Benedict test before and 
two hours after the ingestion of 100 gm. of glucose. The fasting 
plasma sugar of each was also within normal limits. 

The pertinent data concerning the patients with renal glycosuria 
are given below. Each of the 5 patients had a glycosuria without 
hyperglycemia; the sugar in the urine was found to be glucose; and 
all urine specimens were found to contain detectable glucose. In 
4 of the 5 cases, there was no progression in the glycosuria, despite 
the fact that they had been observed over several j^ears. The fifth 
case was discovered 3 weeks prior to our examination. These cases 
then conform in general to the essential criteria postulated by 
Marble.^2 


Case 1. E. N., male, aged 41, was known to have had renal glycosuria for 
at least 6 years prior to the present examination. He had no symptoms. The 
fasting plasma concentration of glucose was 86.2 mg. per 100 cc. and the 
fasting urine concentration of sugar was 118.3 mg. per 100 cc. The plasma 
concentration of glucose, 30, 60 and 120 minutes after the oral ingestion of 
100 gm. of glucose was 134.2, 146.0 and 91.7 mg. per 100 cc. respectively. 
The sugar concentrations of the urine collections taken at the same time 
intervals were 202.0, 449.4 and 206.2 mg. per 100 cc. respectively. The 
chemical and microscopic examination of the urine was within normal limits. 

Case 2. L. L., male, aged 49, was known to have had renal glycosuria 
for at least 3 years prior to the present examination. He had no symptoms. 
The fasting plasma concentration of glucose was 81.6 mg. per 100 cc. and 
the fasting urine concentration of sugar was 158.8 mg. per 100 cc. The 
plasma concentration of glucose 30, 60 and 120 minutes after the oral 
ingestion of 100 gm. of glucose was 77.0, 123.5 and 133.0 mg. per 100 cc. 
respectively. The sugar concentrations of the urine collections taken at the 
same time intervals were 138.0, 300.8 and 330.6 mg. per 100 cc. respectively. 
The chemical and microscopic examination of the urine was otherwise nega- 
tive. The blood pressure was uithin normal hmits. 
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C.'ase 3. N. P., male, aged 30, was known to have had renal plyco'iiria 
for at least 5 years prior to the present examination. He had no symptoni.s. 
The fasting plasma concentration of glucose was 83.7 mg. per 100 cc. and 
the fasting urine concentration of sugar was 2.1S mg. per 100 cc. The 
plasma concentration of glucose 30, 00 and 120 minutes after the oral 
ingesti()n of 100 gm. of glucose wa.s 09.7, 105.4 a!id 97.1 mg. {wr 100 cc. 
respectively. The sugar concentrations of the urine collections taken at 
the saTue time interval.* were 335, 320 and 340 mg. i>er 100 cc. The chemical 
and microscopic examination of the uritie was otherwise negative. The 
blood f)rcssure u'a.s within norma! limits. 

Cask 4. J. C., male, aged 40, was known to have had renal glycosuria 
for at least 3 weeks prior to the present examination. He wa.s first seen in 
the Department of Mcxlicine, University of California Mc<lical School, anil 
was referred to u.s for furtlicr studj-. lie liad no .sj-mfitoms. The fasting 
jilasma concentration of glucose was 74.5 mg. per 100 cc. and the fasting 
urine concentration of sugar was I'w.O mg. per 100 cc. The plasma concen- 
tration of gluco.*c 30, 50 and 120 minutes after the oral ingestion of 100 gm. 
of glucose was lo.o.O, 1,58.8 and 53.9 mg. per 100 cc. respectively. The sugar 
concentrations of the urine collections t.akcn at the .same time intervals were 
347.8, 3S4.5 and 3.57.2 mg. jwr 100 cc. resiiectively. Tlie chemical and 
microscojiic examination of urine was othenvi.se negative. The blood pres- 
sure was within nonn.al limits. 

Cask .5. F. Y., male, agc<l 3.5, was known to have had renal glycosuria 
for at least 5 years prior to the jiresent e.xamination. He had no .symptoms. 
The fasting jilasina concentration of glucose was 90.9 mg. per UK) cc. and 
the fasting urine concentration of .sugar was 45.,5 ing. jkt 100 cc. The 
plasma concentration of glucose 30, 50 and 120 minutes after the oral 
ingestion of 100 gm. of glucose was I41.S, 141.4 and 142.5 mg. jier 100 cc. 
resiK'ctivcly. The last idiusma .sugar remained elevated because an 18^; 
glucose .s/iliition was given intravenously 1 10 minutes after the beginning of 
the glucose tolcnmce test. The .sugar concentrations of the urine collections 
taken at the same time intervals were 183.4, 5-10.4 and 59.5 mg. [ler 100 cc. 
re.-pectively. The IiIoikI pre.-sure wa* within nonnal limits. 
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effective renal blood flow, the rate of glomerular filtration or the 
filtration fraction was found in the 5 renal glycosuric patients 
studied,. The average effective renal blood flow was 1262 cc. per 
minute in the 7 control patients (see Table 1) and 1269 cc. per 
minute in the glycosuric patients. The average inulin clearance was 
133 cc. per minute in the control and 127 cc. per minute in the 
glycosuric group. The close similarity of these values with those 
previously reported by us^‘ indicates also that the production of a 
hyperglycemia and its accompanying profuse diuresis does not 
change the renal blood flow or glomerular filtration. 



Chart 1. — Relation of tubular reabsorption of glucose to excretion of urine at 
constant plasma concentrations of glucose. The dependence of urinary glucose 
concentration upon the plasma concentration of glucose also is shown (Case F. Y.). 


B. The Tiihular Reabsorpiion of Glucose in the Normal and Gly- 
cosuric Individual. In both the normal and the glycosuric indi- 
vidual, it was found that the urinary concentration of glucose at 
high plasma glucose levels (100 to 400 mg. per 100 cc.) was relatively 
independent of the rate of urine excretion but was directly propor- 
tional to the concentration of glucose in the plasma. This inde- 
pendence of the urine concentration of glucose and the rate of urine 
excretion is illustrated in Chart 1. Here, the plasma glucose is 
maintained at a constant level and the rate of urine excretion de- 
creases. Nevertheless, there is little change in the urinary concen- 
tration of glucose. The degree of tubular reabsorption, therefore, at 
a constant plasma concentration of glucose (Chart 1), increases with 
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TADl.r. 2 . — TiIF. Cl.fil!El!Vt.,M! Cl.E MtAKCF. AND TirBl't-AH Ur.An^OUmoN OF Gi.rco?E 
IN Nohmai. and in Renai. GDrco:iL‘nic iNoivinrAt-'* at Incrim^inc 
Hi.ood Gi.vcosf, Levf.ls. 

Xormal. 

Pla-'iiiR Glucose. 100 to 200 Mk. per 100 Cc. 
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decreasing urine flow. In any study then, of the renal tubular 
reabsorption of glucose in several groups of individuals, a comparison 
of the results may not be valid unless the plasma concentrations of 
glucose and the rates of urine excretion of both groups are approxi- 
mately equal. 

As Table 2 indicates, the kidney of the glycosuric individual at 
a moderate plasma level of glucose (100 to 200 mg. per 100 cc.) is less 
efficient than that of the normal individual in reabsorbing glucose 
contained in the glomerular filtrate. Whereas, in both types of 
individuals, the average plasma concentration of glucose, the glom- 
erular clearance of glucose and rate of urine excretion were approxi- 
mately equal, the average rate of tubular reabsorption of glucose was 
distinctly less in the renal glycosuric (140.4 mg. per minute). The 
average R.G.I., therefore, was higher in the glycosuric group (1.15) 
than in the control group (1 .03). 

When the two groups were studied at higher plasma levels of 
glucose (200 to 300 mg. per 100 cc.) it was found (see Table 2) that, 
although the tubular reabsorption of glucose (309 mg. per minute) 
increased in the normal group, the glomerular clearance of glucose 
(344 mg. per minute) increased relatively more. The average 
R.G.I. (1-.12) therefore was increased. Unfortunately, only 2 gly- 
cosuric individuals were studied at this particular plasma glucose 
range, but, unlike the normal individuals, these 2 did not show an 
increased divergency between the glomerular clearance of glucose 
(442 mg. per minute) and the tubular reabsorption of glucose 
(409.4 mg. per minute). The average R.G.I. (1.08) accordingly was 
not increased. 

Finally, the tubular reabsorption of glucose in these two groups 
was studied at a very high plasma level of glucose (300 to 400 mg. 
per 100 cc,). In the control group, the glomerular clearance of 
glucose (466 mg. per minute) was found again to have increased 
relatively more than the tubular reabsorption of glucose (406 mg. 
per minute). The average R.G.I. (1.15), accordingly, was increased. 
In contrast to these findings, there was no increasing divergency 
between the glomerular clearance of glucose (470 mg. per minute) 
and the tubular reabsorption of glucose (437 mg. per minute) in the 
glycosuric group. On the contrary, in the glycosuric individuals 
there was less inequality between these two renal functions at this 
plasma glucose range than at the lowest range studied. This last 
fact resulted in a lower average R.G.I. (1.08) for the glycosuric indi- 
viduals at the maximum plasma glucose range studied. These 
results indicated that the efficiencj'^ of tubular reabsorption of glu- 
cose increased with rising plasma concentrations of glucose in the 
glycosuric individual and decreased in the control subjects. 

Discussion. The studies herein reported indicate clearly that the 
eft'ecti^•e renal blood flow, the glomerular filtration and the filtration 
fraction are within normal limits in the individual with moderate 
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renal glycosuria. Furthermore, the present observations indicate 
that, whereas tulndar reahsorption of glucose in the glycosuric 
patient is Jess t))an that found in the non-glycosuric individual at 
moderate plasma concentrations of glucose (100 to 200 mg. per 
100 cc.), this comparative diminution in reahsorption in the gly- 
co.suric subject disappears at higher plasma concentration.s of glu- 
cose. As a matter of fact, it would appear as if the renal glycosuric 
individual absorbs gluco.se contained in the tubular fluid more 
efficiently than does the non-glycosuric inrlividuai at high plasjiia 
concentrations of glucose. This last observation makes it diflicidt 
to assume that a serious organic or physiologic derangement is 
present, cither in the kidney or elsewhere, in the patient with 
moderate renal glycosuria; for one would not c.xpeet a funda- 
mentally fleranged organ to perform abnormally when not under 
stre.s.s and normally when under consulcrable stress. 

Several investigators." ” however, have attempted to incriminate 
tlio arlrcJial or parathyroid gland in tJ)i.s di-sorrler. Their cvirleiuv, 
is not conclusive. Furthermore, other sturlies’” have denied the 
relationship of any particular endocrine gland Avith the etiology of 
renal glycosuria. 

Indeed, it is perliaps que,stionable whether the individual with 
moderate renal glycosuria .shoidd be considered abnormal in the 
pathologic sense, for there is uniform agreement‘ ® '“ that a con- 
siderai)le jjortion f)f supposedly normal people will have glycostiria 
without hyperglycemia during the administnition of a glucose 
tolerance test. Thus, the mild glycosuric individual may be the 
statistical victim of too close adherence to an average renal threshold 
value composed of widely scattered individual vjducs. Certainly our 
re.sults are compatii)le with this latter view. 

Conclusions. 1. The effective renal blood flow (diodrast clear- 
ance) and the rate of glomerular filtration and the degree of renal 
tubular rcabsorption of glucose were studied in 7 normal an<i '> 
renal glycosuric individuals. 

2. 'I’he cib'ctive renal I)Iood flow ami glomerular filtration in the 
renal glycosuric individual were fouml to bt“ normal. 

U. 'rhe Ics'^encd tubular reab-orption of glucft-ie in the renal 
glyeosurii- individual docs not appear tt» be <luc to an organic kidney 
defect, for at plasma ghico-e levels above 2(K) mg. jier UHt ee.. the 
efliciency of tubular n-ab^^oqUion of glucose in tlns^c cases *^ 1 ^ 1 " or 
exceeiis that found in non-glycosuric individuals. 
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IMMUNITY IN DIABETES. 

IV. Measurements of Phagocytic Activity in Diabetes 

Mellitus. 

By. Russell Richardson, M.D., 

ASSISTANT PROFESSOR OF MEDICINE, UNIVERSITY OF PENNSYLVANIA; CHIEF OF META- 
BOLIC section of the medical CLINIC, hospital op the UNIVERSITY 
OF PENNSYLVANIA, PHILADELPHIA, PA. 

(From the George S. Cox Medical Research Institute, University of Pennsylvania.) 

This study is part of an investigation of the well-known suscepti- 
bility of diabetic patients to infection. It is evident from clinical 
observation that this susceptibility varies with changes in the con- 
dition of the patient. In a previous paper^'^ it was suggested that, 
in such a study, all of the offensive and defensive properties, both of 
the infecting organism and of the tissues and fluids of the host, 
should be examined were this possible. It seems probable that at 
least some of these properties would differ in the diabetic as com- 
pared with the non-diabetic and also ivith the state of adjustment 
of the patient. In former papers of this series'**’ it has been shown 
that some of the constituent substances in the blood of diabetic 
patients and experimental animals show no significant alterations 
which would connect them with this deficiency in resistance. On 
the other hand, there does appear to be a significant correlation 
between some of these factors, such as the amount of glycogen in the 
tissues and of globulin in the blood, and the ability of the body to 
resist infection or at least to delay its effects. As regards the globu- 
lin, these observations would seem to be not altogether unexpected, 
as much previous work has shown that there exists a close connection 
between globulin and various phases of immunity. 

The present study deals with the ability of the leukocytes of the 
host to phagocytize such bacteria as may be present in the body. 
The phagocytes are knoivn to be affected by a number of conditions, 
some of which, it seems, might be altered in the diabetic patient 
depending on the state of adjustment. It has been shown that a 
decrease in the phagocytic ability of these cells occurs with lowered 



Klfll.VnDSON: IJtMrXITY IX I)IABKTK8 


temperature,- increased hydrojrcn-ion concentration and in the 
presence of certain substances, ineliidiii" iodine and lactic acid. 
Increase of cytojilasmic viscosity also has been rejiorted as decreas- 
in|r phagocytic action. On the other hand, addition In Tiirn of 
histamine, calcium ions and certain fat-.<oluble substances includin:: 
iodoform, chloral hydrate, ethyl alcohol and Ioh" concentrations of 
chloroform, ajipear to increase phagocytosis, 'i’urnya found a 
lowered phagocyt()sis in thyroideetoinizcd rabbits, ’’riiis was in- 
creased iiy feeiling thyroid extnict.- 

Methods. In this study the phagocytic power of the leukocytes has 
been inc.asurcd by a inetliod dcvisctl by Boerner and Mudd.* This method 
consists in adding to 1 cc. of freshly dr.awn blood to which a small amount 
of heparin has been added, 0.1 cc. of a .suspension of bacteria in {diysiologic 
.saline, j)reparcd so that the .«u,spen.sion always contains approximately the 
same number of bacteria. The dilution in the.se detenninations was such 
that in each 0.1 cc. of suspension there were 200 million bacteria. As the 
fortuitous collision of cells and bacteria is an important factor in phag(v 
rytosjs, a variation in tiie number of icicleria used wiii idter the mmd>er 
enpilfwl by the cells. The blood, with added bacteria, is agitated at .'1S° C'. 
in the typo of water bath devised by Iloenier and Mudd.‘ .\t intervals of 
.‘J. 0, 9 and 12 mimitc-s, a droj) of blood is removed and sme.ars are made on 
glass slides according to standard techniriue. .After rapitl drying, these 
smears are staincti by Giem.'-a’s stain and the number of bacteria in 100 
leukocytes is counted. The “phagocytic score, ’’ which is the term u-ed 
by Mudd and his as-ociates to denote the phagocytic ability of the cclb. 
as demonstrated by this method, expresses the number of bacteria taken U]) 
by ItM) cells as .a i)ercentage of a theoretical maximum of IlO bacteria i>er 
cell. In these detenninations. smears were made after 0 ininutes and 12 
mimites airitation. The results given in this paper were from slides m.ade 
after 12 minutfv. The Slnjih. nurnix used in this investigation wa- obtained 
from the bhxid of a fatal case of bacteremia atid has been maintained for 
the p.asf 0 ye.ar,' by .semi-weekly transplants on i)lain agar. Only smivotli 
colonies are taken for tran-jilant so that at the pre-ent time vrr>’ ftav rough 
colonies ajip'ar in the culture. This .vame strain of Stnph. nnrnix has been 
us«l throughout all of the exiH'rimenfs reported iti this serie- of pajsTs. 

Tiie -ugar of the blinKl wa' detennimsl liy the mollification of I'liiin’.s 
micro metlioii, the fund rc.'iding lieing made with au Hvelyn jiliotoelectric 
colorimeti r. Ithsir's mi'tho>I was u-*sl for determination of chol'-fero! and 
the I’rcgl-Kjeldahl method for total protein and for.all'umin after iraction- 
ation by a 22.2' -olution of soilinin snlpbnle at .'tT.o'’ Globulin \ya' 
taken a- the difference betwci-n the total protein and the albumin. 'Ilie 
dialK'tic p'l.ticnt' on whom the-e -tndie- were made were taken from the 
Metabolic Clinic of tlii- bo-jiital and are typical of vuch (laticnts in a fair 
-tate of ni’ t.alwi'ic .adjusttii'T.f . The normai control- were doctor-, students 
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from +22 to — 16 with an average change, regardless of sign, of 
5.23. The phagocytic score of all 54 diabetic patients ranged from 
13 to 53 (average 28) ; S. D. 1.12. 

In Table 1 are shown the distribution of phagocytic scores in 
diabetic patients and normal controls. No significant difference 
can be recognized. 

Table 1. — Distribution of Phagocytic Scores in Normal Controls and 

Diabetic Patients. 



Normal 

Diabetic 

Pliagocytic 

controls 

patients 

scores. 

(17). 

(78). 

Above 40 

29% 

23% 

20 to 40 

53% 

55% 

Below 20 

18% 

22% 


Number of observations is shown in parentheses. 

At the same time that blood was taken for determination of the 
phagocytic score, blood was also removed for determination of the 
sugar and of the cholesterol, total protein and albumin of the serum. 
As has been stated, the serum globulin was measured as the dif- 
ference between the total protein and the albumin. The results of 
these examinations are shown in Table 2. 


Table 2. — Chemical Analyses of Blood and Phagocytic Scores in Patients 

with Diabetes. 



Patients not taking 

Phagocytic 

Patients taking 

Phagocytic 


insulin. 

score. 

insulin. 

score. 

Blood sugar . 

Up to 130 mg. (28) 

26 

Up to 139 mg. (32) 

27 


140 mg. and above (20) 

27 

140 to 250 mg. (35) 

28 




250 mg. and above (14) 

27 

Serum chole.sterol 

. Up to 255 mg. (8) 

27 

Up to 255 mg. (26) 

25 


25G to 349 mg. (22) 

28 

250 to 350 mg. (44) 

29 


350 mg. and above (7) 

28 

350 mg. and above (12) 

25 

Serum protein 

. G. 20% to 8.49% (20) 

29 

6.2% to 8.5% (54) 

27 


8.50% and above (14) 

25 

8.5% and above (25) 

28 

Serum albumin . 

. Up to !,.2% (12) 

28 

Up to 3.8% (10) 

24 


4.3% to 5.7% (30) 

2G 

3.9% to 4.2%, (28) 

28 




4.3% to 5.7% (36) 

29 

Serum globulin . 

. 1.3% to 3.3% (13) 

31 

1.3% to 3.3% (24) 

25 


3.4% and above (24) 

29 

3.4% and above (58) 

29 


Numbar of observations in each group is shown in parentlieses. 

It appears from these figures that the variations in the chemistry 
of the blood commonly found in diabetes show no correlation with 
the phagoeytic power of the blood. Phagocytic score varies little 
when the components measured in the chemical tests are exhibiting 
considerable variation. It will also be noted that the percentages of 
patients showing high, medium and loAv scores is similar to those 
found in the normal controls. On the whole, it would seem that 
diabetes in the absence of any mai+ed complications does not alter 
the phagocytic power of the leukocytes as tested by this method. 

Since it appears that reasonably well-balanced diabetic patients 
do not commonly differ from normal controls, in this test of the 
ability of the phagocytes to engulf bactei’ia, it seemed desirable to 
test the influence of various factors upon the diabetic patient’s 
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plingocytic scoro.-^. For this purpose two nirntnon coiu])lie;itions. 
acidosis and undernutrition, were selected and also the response of 
the diabetic to the stimulus of antityphoid vaccination. Fix patients 
with acidosis were stuflicd in this way. The results are shown in 
Table -b Accompanying the leukocytosis, which is a common find- 
ing in this condition, there is a very definite decrease in the j)hagO' 
cytic score. The highest figure among the acidosis patients was 
only slightly higher than the lowest in those diabetics without 
acidosi.s. The average of the six c.\aminations is 9 ± 1 .4 as compared 
with 28 ±2.0 in those patients shown in Table 2. The sugars of the 
blood varied as would bo expected from 220 to 512 with four of them 
over 400. The total protein, albumin, and globtdin, of tlie senim 
varied considerably, probably following the marked dehydration and 
other alterations of the blood and tissues in these patients. The 
sermn cholesterol was not found to be as high as might have been 
expected, perhaps due to the short time during which the acidosis 
had developed. 

T.^m.r. a. — Pn.M'.ociTic Scone or DiAnnric With .tcinosis. 
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blo(sl chemistry determinations in ft diabetic patients wlio came into 
the hosj)ital after inadisjtiate treatment. They were all in a marked 
st.nte of nndernutrition with the usual signs of an iincontrolied 
tliabeO's. Wliile thi-se patients did not show tpiite a.- low a j)hag(>- 
eytfc }>ower as those in acidosis, nevertheless it was signific.'intly 
lower than was fonial in those diabetic patient,- who were in a fair 
-t.nte of control. It will be notitasl that the t'O. <'ontent of the 
-/•rtiin, while clo-e to the lower limit of iiorm.'d, is ilefinitely above 
the figure- fomai in the ])atient- with aeido-i'. 'I'lie plirigvx-ytie 
-e, ubile .'lightly above tho-e pre-ent in aeido-i-, .are -til! siguifi- 
eantly lover that! tlm-e foiiitd itt diabetie patient- without eotn- 
p!;i-.:ti'e;-. 
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In the course of an investigation of the ability of diabetic patients 
and normal controls to form agglutinins after inoculation with 
B. typhosus vaccine, the phagocytic score was determined, using the 
Staph, aureus suspension, and the agglutinins in the serum were 
determined by Dreyer’s macroscopic method using a formalized 
suspension of B. typhosus. The vaccine was given according to the 
standard method. Blood for determination of the phagocytic power 
against Staph, aureus and of agglutins against B. typhosus was taken 
before the first injection of the vaccine and 2 weeks after the third 
dose. Twelve diabetic patients and 8 normal controls were used. 
The patients varied in their state of adjustment. Five of them 
were in good condition, with hyperglycemia occurring only rarely, 
while the other 7 were less well balanced, yet in a fair state of adjust- 
ment, so that while hyperglycemia was not infrequent, there were 
no symptoms referable to the diabetes. The normal controls were 
members of a class of nurses entering the hospital at that time. 


Table 4. — ^Phagocttic Score of Patients With Uncontrolled Diabetes. 


i 

Date. 

Blood 

sugar, 

1 mg. per 
! 100 cc. 

CO2 
con- 
1 tent, 
vols. 
%. 

Serum 
choles- 
terol, 
mg. per 
100 cc. 

Serum I 
protein, 1 
%. 

Serum 

albu- 

min, 

%. 

Globu- 1 
iin, 

%. 

Phago- 1 
oytio 
score. 

Age, 

yrs. 

W. H. 

12/ 8/38 

476 

51 

q.n.s. 

10.50 

3.90 

6.60 

10 

24 

M. B. 

1/17/39 

346 

51 

250 

7.12 

3.17 

3.95 

19 

40 

C. H. 

2/ 2/39 

488 

52 

312 

7.65 

4.73 

2.92 

11 

18 

R. K. 

1/17/39 

256 


240 

8.27 

4.00 

4.27 

1 

9 

i 


G. W. 

2/15/39 

298 

57 

219 

7.43 

3.90 1 

1 

3.53 

16 

32 

H. G. 

3/28/39 

384 

53 

354 

8.62 

4.09 

4.53 

12 

1 

26 


Average phagocytic score. 13 1.6. 


Phagocytic scores against Staph, aureus and agglutinative titer 
against B. typhosus of these patients are shown in Table 5. It will 
be noticed that there is a significantly higher average in the phago- 
cytic score in the normal controls, after the vaccine as compared 
with the determinations made before the vaccine was given. On the 
other hand, no such difference is found in the patients before and 
after the vaccine; in fact, the average for these examinations are 
identical. 

Inspection of Table 5 shows that after vaccination the controls 
exceed the diabetic patients both in phagocytic score and in agglu- 
tinative titer. 

It has been generallj^ believed that phagocytosis is influenced both 
by non-specific and by specific factors. These experiments show 
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that a non-specific increase in the activity of the phagocytes may 
occur following the injection of a bacteria! antigen in the normal 
subject but that this increase failctl to occur in the diabetics. 

T.mii.k — Pit.v<!()cvTrc Scokk .vnd Aii<;t,irns.\TivE Titkk is Di.miktic 1’.\tik\t> 
.\NI> XoHMM, CoNTIKlI.S BeFOKE AND AtTEIt B. TvrUO-ir.-i Vaccis'e. 

Bi'forf v.irriiii'. .Mti-r v.iri inr'. 

.VcnI'itinalivf AitKiiitin.itnv 

Cliarf^vtk* riinjxorytir liter. 

rtihlltort. r'cnre. fliltttton. 

Diatx-lip patient# (12) 22 0 22 1 : f..3 

Normal control# (.S) , 21 =»= 0 95 0 31 =fc 1 50 1 : 5-10 

Number of observation? ?liowu in parenthwc?. 

During the progre.^s of tin’s work an investigation was being car- 
ricfl on with e.vperimcntai animals. J^cpancrcatiml cats and normal 
controls were .studied with re-speet to their ability to [irevent the 
spread of bacteria to other parts of the borly from a focus of infection 
in the skin. In addition to determinations of sugar of the bloofi and 
total protein, aiiniinin and ehnie.sterol of the serum, the phagocytic 
sc^ire against Sf/iph. avrni.'i wa.s abo determined. The results of 
these e.xaminations confirm the ob.servations rejiortcd above on 
diabetic patients. Xo alteration was found in the phagocytic .score 
of depaiKTcatizcd cats without complications as coinjiared with that 
of normal control animals. On the other haml, tho.se animals with a 
marked alteration in nutrition accompanying hyperglycemia showed 
a phagocytic score significantly lower than tlie control group. 'I'lie 
animals with a large amount of acetone in the urine and a low f '0.. 
content of the serum also had a very low jihagocytic score. Xo test 
of influence »)f ty})hoid vaccine on phagocytic score against S!iij>h. 
ftiirnin was made in these e.xperimental animals but in an earlier 
stmly*' we found no difFerenee in agglutination titer in typhoid 
\'aecinated animals after depancreatization as compareil with 
cfinirois. 

Discussion. It would ajipear from the above oii.-ervations that 
the ])hagoeytie jKiwer of the leukocytes is not affected by several 
alterations in bloixl eliemi-'try that are iiunmonly found in the dia- 
betic patient who is in a fair .<tate of control. 'I'his power may vary 
con-idendily but not more widely than is found in a groiiji of normal 
control'. On the other hand, two cotnjjlieation' of diabete#. namel\', 
acido'i' atid the marked altenition in nutrition which often accom- 
panic- tin- e.xtrcmc diabetic .'fate, are a"Ociatc<l with a 'ignificantly 
dfcrea'c«! aftiiity on the part of tin* leukocyte' to i>hagocyto.>-, 

.\inoTig the fai tor- uhii-b arc ktiown to h-'-cn plKigocyto-i- arc 
iniTc.t'nl h_i drogt-n-ion <-onf*-ntration of the bo<iy fluid'. Incrc;c<s| 

•. i-co-ity of tie- tiuid- 'in h a' tna% be cxh.'iii'tcd ’.vith tlchydmtion. 
auii t!;>' prc'> ;;i->- of organic jiejd- dimini-h liie ai-ti'. if a' of tin- }>h:tg'>- 
c. tc', fgti c-'io< i.diy t' kt;ov. ii to leave an nnfavor.dile influ- 

cCiA- on p!; tio'., 'i’tio-e factor' arc all pri'-i-nt to a great'*’ 
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or less degree in the uncontrolled diabetic and may influence 
phagocytosis. 

Furthermore, the stimulation of the phagocytic score against 
Staph, aureus by injection with tj’^phoid vaccine occurs in the normal 
subject but not, in these experiments, in the diabetic patient. Taken 
with the inabilitj'^ of the diabetic organism to form agglutinins fol- 
lowing B. typhosus vaccine, it would suggest that this restriction of 
response to stimulation may be an important factor in the failure of 
the diabetic organism to resist infection as well as controls. 

Neufeld and Rimpau^“’* suggested that the thermolabile opsonin 
of Wright is, like complement, general in its action and that the 
thermostabile bacteriotropin, which they demonstrated in the serum 
after inoculation with pneumococci, is an antibody and specific in 
its action. 

Support for Neufeld’s theory is furnished by observations in this 
and former papers of this series. It has been shown'*® that comple- 
ment in the serum of diabetic patients does not differ significantly in 
amount from that of normal controls; similarlj^ the phagocytic score 
before vaccine does not differ in diabetic patients and normal con- 
trols. On the other hand, it has also been sliown^® that diabetics 
fail to form antibody in as high a titer after B. typhosus vaccine as do 
normal controls; similarly the diabetic patients are unable, after 
vaccine, to increase their phagocytic power as do normal controls. 
Before inoculation with vaccine we would be comparing opsonic 
activity in Neufeld’s sense in the diabetic and control ; after the use 
of vaccine the difference noted between diabetic and control would 
be referred to a difference in Neufeld’s bacteriotropin. 

Summary. 1. The phagocytic power of the leukocytes of dia- 
betic patients and depancreatized cats and of normal controls has 
been determined (Boerner and Mudd*). 

2. Phagocytosis is found not to differ from normal in diabetic 
patients or in depancreatized cats in which the chemistrj'^ of the 
blood is within the limits commonly found in this condition, 

3. Diabetic patients and depancreatized cats with acidosis or 
those with uncontrolled diabetes show a significantly decreased 
phagocytic power. 

4. An increase of phagocytic activity of blood leukocytes which 
occurs in normal controls after typhoid vaccine, did not occur in our 
diabetic patients. 
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REFERENCE TO THYROID DISEASE. 
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SEW YORK, X. Y. 

(From the Combined Medical and Surfdcal Thyroid Clinic and the Divi.don of 
Patholofriral Chemistry, Department of Medicine, New York Post-Graduate 
Medical Feliool .and Hospital, Columbia University.) 

To clinicians faced with the problem of tlie diagnosis of hyper- 
thyroidism, any new diagnostic test is most tvclcome, especially in 
distinguishing low-grade hyperthyroidism from anxiety states asso- 
ciated with hyperventilation or cardiac insufhcicney. Such a pro- 
cedure was recently proposed by Althansen cl in the form of 

an ora! galactose tolerance test. Their studies suggested that in 
hyperthyroidism the occurrence of glycosuria, impaired dextrose 
tolerance and postprandial hyperglycemia were due to increased 
rate of absorption of sugar from the intestinal tract. In accordance 
with Verzar’.s views, this increased absorption is due to accelerated 
phosphorylation in the intestinal mucosa. Kvidenee was iirescntcd 
to show that other factors such as carhohydrate depiction, increased 
rate of bloodflow, intestinal hyperjicristalsis, elevated basal metab- 
olism and increased jiermealiility of the mucosa did not play a jiart 
in the increased rate of intestinal absoqition.* 

(bdaetose was used in this test because its rate of absorption from 
the intestinal tract was found to lie similar to that of ghico'C. If 
bad the added advantage of being easily isolated from other blood- 
reiiueing substances. In mhlition, only the liver can nfilize galae- 
tiwe" and it is not iniiuenecd liy insulin.” Furthermore, there 
is no renal threshold for galactose.** The results'-’ * indicated that 
the jieak of the blood galactose in patients with hyjicrtliyroidism 
after the ora! administration i>f -H) gm. of galactose was tlire<- times 
that of iiorinul sulijeets. The higher values were found at the .'iH 
or iVt niinuti-s' Itlofxi sjiefimens atid ranged iietween IH to 30 mg. 
per ei'. for nonnal imlividuni''. Values Iietween .'!H to -iO mg. 
per H'"' e<-. were nm-idered in tlie iloulitfu! range, wiiile tlio-i- o\er 
■IH i!ig. jier i-c. wi-re ela^sifii/l as definitely aliiiormal. In liyp^^- 
thyrnid patient-, the inaximurn ri-c in blixid ga!io-ti>->- did not evci-ed 
fit tog. p'T In') 

.\!t!iau-fri and in- enworki-rs fmmil that in patii-nt- with -l•'.■erl■ 
hvpvrthx .’■oidi'!:!, tin- ba-a.i ti'.*-taf><>!ii' rate, h'e.va'. t r, v.a'- a h*'tter 
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indicator of the severity of thyrotoxicosis, although the galactose 
tolerance curves were also very high. Impaired galactose tolerance 
was also present in Paget’s disease and in patients Avith jaundice 
due to parenchymatous liver involvement. Maclagan and Rundle^® 
likewise found postabsorptive curves which were elevated in hyper- 
thyroid patients but they suggested that these curves were due to 
impaired liver function. 

The present investigation was undertaken to restudy and to sup- 
plement the previous findings of Althausen and his coAvorkers. 
Moreover, it appeared important to determine the effect of age and 
of clinical conditions other than hyperthyroidism on galactose 
tolerance. 

Material and Method. An oral galactose tolerance test as described 
beloAV Avas carried out on each of 85 patients. The folloAving groups Avere 
segregated : 

1. Age Group. Forty-seA'^en patients; 24 Avere over the age of 50 and 
• 23 under 50 years in Avhom no evidence of thyroid disease, impaired liver 

function or Bright’s disease Avas disclosed. 

2. Hyperthyroidism. Twenty patients; 16 Avith diffuse toxic goiter and 
4 AAuth toxic nodular goiter. 

3. Impaired Liver Function. Seven patients; 5 Avith toxic hepatitis due 
to sulfonamide or gold therapy, 1 Avith fungus infection of the lung and 
possibly of the liver and 1 Avith chronic passive congestion of the liver, 

4. Bright’s Disease. Six patients; 5 Avith chronic diffuse glomerulo- 
nephritis and 1 Avith arteriosclerotic nephritis. 

5. Upper Respiratory Infections. Nine patients with pharyngitis, laryn- 
gitis or sinusitis. 

6. Diabetes Mellitus. Seven patients. 

7. Miscellaneous. Sixteen patients; 3 Avith thromboangiitis obliterans, 
4 Avith carcinoma or Hodgkin’s disease, 4 AA'ith hypothyroidism, 1 Avith non- 
toxic nodular goiter and 4 Avith neurocirculatorj'- asthenia. 

An appraisal of hepatic function AA^as also made in each patient by the 
folloAAung tests: urinary excretion of galactose,®'’'^^’^^ bromsulphalein reten- 
tion,^^ and serum cholesterol partition. 

The method employed to determine galactose tolerance Avas similar to 
that outlined by Althausen et al.^ Avith slight modifications. FolloAving a 
12 to 14 hour fast, venous blood specimens Avere draAAm before and at 
intervals of 30, 60 and 120 minutes* after the oral administration of 40 gm. 
of galactose dissoh^ed in 400 cc. of Avater. Blood glucose Avas remoA'^ed by fer- 
mentation AA'ith Fleischmann’s yeast according to the method of Somogyi.^'* 
The yeast Avas AA^ashed six or seven times.'‘>^® Seven cubic centimeters of a 
20% yeast suspension and 2 cc. of a tungstic acid solution (Folin-Wu’^®) 
AA'as mixed AAuth 1 cc. of oxalated blood. The mixture Avas filtered and 2 cc. 
portions AA^ere used for the sugar determinations.! Because the reducing 
pOAA^er of galactose is less than that of glucose, the figures obtained AA^ere 
increased bj'- 24% in order to giAm the true A>'alue for galactose.^ 

Results. In order to conserve space the individual galactose toler- 
ance curA^es are not detailed. Chart 1 sIioavs the mean galactose 
tolerance curves of 24 patients oA’^er the age of 50 and 23 patients 
under the age of 50. Patients Avith hyperthyroidism, hypothyroid- 

* The original technique called for 5, 15, 30, 60 and 120 minute specimens of blood. 

t With the technical assistance of Anna Mci-Lan Lee, B.A. 
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istn, itupaired liver function nr Hripht's (iisease were eliminated from 
this protip. It will he ohservcfl that the factor of ape per af a])pcars 
to e.vert little influence on palactose tolerance. It .sliould he stated, 
however, that the range of the highest idood galactose (2 to 92 mg. 
per ]()() CO.) obtained in this serie.'^ of “ control " subjects is wider 
than that reported by Althau.scn and his eoworkers (.5 to -bo mg. 
per 100 ee. burthermore, 10, or o49c of the 47 patients comprising 
this prou{), showed impaired tolerance to galactose according to tiie 
.standards originally deseril)cd by Althauscn rt nl. 



('llAliT I. -Tlip iiiCiUi 1<)lcr:\nr<‘ rtirvf.* of ’il [oticiit.! ovor oO yc.ir? of 

UKf ftookon lino) »ii<l l’;t |l.•llil’nts urKlpr.'aycorn (-oli'J lino) uiilioiil hy|icrtlij'roi<li"'rrt, 
Jiyi'otliyroi<!i'*ni. iiiiii:iirc<l livor fuiii'tion or Briiiht’.' (livp;i«<'. 


f "iiart 2 shows the avi'ragc galactose tolerance curves of 20 patients 
with hyperthyroidism, 7 ])atients witli impaired liver function. 
0 patients witli Bright's disease, with upper re.-ipiratory infections 
and 7 with dial)etes meliitus. '^I'iie impaired galactose tolenmee in 
})atients witli hyperthyroidism is clearly demonstrated. The range 
of the peak of the individual curves (17 to KiO mg. piT 100 ce.) 
<'om])are,s well with tiiat of .Althauscn rf nl. (2.') to !.')2 mg. per 
l(k) ee.). Only I jiatient in this group .-bowed a normal tolerance 
to galaefo-e, which may be aeeountis! for by the fact that there wa- 
m.irkeil evidence of regrc'-ion of thyroid activity a- indicateil in 
'>*<-tioti- of thyroid ti'Sia- obtained thiritig subtotal tin roidectomy. 
It na- further ob-erved that there wa- no eorrr'lafiott between the 
ba-;d mct.-ibolic rate .and the degree of impairment of galacto-e 
to!, ranee. 'I'iie ntr.in galaefoo- tolenmee eiirve for the 7 pafictlf- 
eith impair'ti li'.i-r fniietioii wa- moderately high. .\n:d\ 'i- of 
indi'.idn.il eiir’, e- of tln-e patient' indii-.itetl that e'.eti -liglit im- 
pairment of liver funetion without the pn-'etae of j'aundiee mav be 
r, *!i t ’I'i in an al'iiorimd eurve. It i- intere ting to note tliat ! o* 
thi -i- p laid re>,'ii!v‘ re.s-!v, .! 'iilfttnamide theraje. for lob.ir 

pne’.niaCM.*- and th.vt tl.e g.ti n-to-e tolerane.- te-t wa' earried our 
.•'.ppro'.imate'y ! ’• e. ’. aft* r lb*' *■•■ -.ation of th*- linig. ''hart 2 
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further shows that the a^’'erage galactose tolerance curves for 
6 patients with Bright’s disease and for 9 patients with upper respi- 
ratory infections were also moderately high. The composite curve 
for 7 patients with diabetes mellitus was not abnormal. 

A heterogeneous group of 16 patients was also studied but the 
results Avere not included in Chart 2. Two of the 4 patients with 
hypothyroidism, peculiarly enough, showed impaired tolerance to 
galactose Avhich ivas ascribed to the fact that thyroid extract was 
taken for its therapeutic effect. This was not unlike the abnormally 
high galactose tolerance curves found in normal rats fed thyroid 



Chart 2. — The mean galactose tolerance curves of 20 patients with hyperthyroid- 
ism (solid line), 7 patients with impaired liver function (broken line), 6 patients 
with Bright’s disease (dotted line), 9 patients with upper respiratory infections (dot 
and dash line) and 7 patients with diabetes mellitus (triangle line). 


extract.- Four patients ivith neurocirculatory asthenia gave a 
normal response to the oral administration of galactose. This find- 
ing is important because the galactose tolerance test appears to 
have its greatest value in the differentiation of this sjmdrome from 
true hyperthyroidism, frequently a confusing diagnostic problem. 
Three patients with carcinoma and 1 with Hodgkin’s disease gave 
abnormall.y high galactose tolerance curves. 

Comments. The present study confirms the findings of Althausen 
and his coworkers'"'^’®’'* insofar as abnormally high galactose toler- 
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ance curves are noted in patients with }i>’perthyroidisin. The pit- 
falls of this test, liowever, may lie in such clinical conditions as arc 
associated with liver dainagceven to a slight degree and in theahsenee 
of hyperthyroidism. The presence of jaundice is known to interfere 
with the interpretation of this testh hut it is now shown that patients 
with IJright’s disease, upper respiratory infections and i)ossil)iy 
malignant disease may also give moderately high galactose curves. 
Moreover, jiatients who have recently received sulfonamide therapy 
may show impaired tolerance to galactose. It is conceivable that 
hepatic damage may account for the abnormal curves nf»tefl in these 
disorders, although the liver function tests used in this study, 
namely uritrary e.vcretion of galactose, bromsulidialein retention and 
serum cholesterol partition, did not reveal any parenchymatous 
liver involvement. The probability ncvcrthclc.^s c.xists that hepatic 
damage might have been disclosed, were more sensitive test used to 
detect its presence, c. g., intravenous galactose tolerance''' and 
cej)halin-cholcHterol flocculation.” -'’ This ])hiisc of the jiroblcin 
deserves further stufly. 

.Although it has frequently been <lemonstratcd that imj)aircd liver 
function is not an uncommon finding in hyperthyroidism,’- ” Bassett, 
•Althausen and Coltrin''' believe that the impairment in galncto.se 
tolerance c.xhibited by thyrotoxic patients is hugely due to the 
increased rate of absorption of this stigar from the intestinal tract 
and that heiJatic damage when present accentuates the imjiairment 
in galactose tolerance ordy very little. 'I'his observation, however, 
is not in complete agreement with other investigators."’ Our find- 
ings indicjite that in a variety of clinical conditions other than hyper- 
thyroidism impainnctit in galactose toler.'ince e.xists which may be 
a>cribed to j)arenchymatous liver involvement. In the.-;c conditions, 
hf>wcver, it is concedtsl that the imjjairment in tolerance for galac- 
tose is not as great as it is in hyperthyroidism. 'I'lie abnormally high 
galactose curves observe<i in thyrotoxicosis probaidy jiresent a dual 
me<'hatu>ni: inability of the liver to convert all or part of the galac- 
tr)'e to glycogen !ind a rapid rate «if nbsoq)tion of g.nlaetose from the 
int<‘Stinal tracts. 

Conclu-sions. !. 'I’he factor of age, prr .ve, apjjctir" to exert little 
or no itdlucnce on the gaiacto-e tolerance curve. 

' 2 . Patients with hyperthyroidism, Bright’s di-case, upper respira- 
tory infections, m.-dignant disea-e and those who have rc<-cntl>' 
re<civi‘d Mdfou.'tmide thenipy fr*-<iuentiy demonstrate inqiainnent 
in galacto-c tolemncc bdhnvitig the ond jidmini-tration of this sugar. 
I'iir itnp.'iirnicnr in g;dacto-c folcntm'c, however, i- nio-f ni.arkcd 
in patient-, with thyrotoxieo-is. wliich nuiy be a-cribed to a dual 
nus'h.ani’Ui: fo) inerea-ed rate of u!>oiq)tion of tbi- -ugar from tlw 
iritc-tin:!! tract and (f/t hepatic damage. 

o. I’.uient' v.ith diabete- inellitu- are -hown to h.ive a iiorma! 
to’eral’.ce for !I!ge-ted g.'Ja.ctJee. 
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THE ESTROGEN-LIKE ACTION OF DESOXYCORTICOSTERONE 
ACETATE UPON THE ALTERED ELECTROCARDIOGRAM 
SEEN IN VARIOUS HYPO-OVARIAN STATES. 
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Services of the Metropolitan and Flower and Fifth Avenue Hospitals.) 

Ajiong a variety of commonly observed symptoms and signs in 
woman with ovarian dysfunction and in those undergoing a 
“natural” or surgical menopause, alterations of the electrocardio- 
gram may appear, which involve chiefly the final deflection. “ 
Relatively small doses of estrogen bring about a normalization of 
the electrocardiogram within a short time. Since a hjqiersecretion 
of corticotropic hormone in patients with ovarian hypofunction was 
assumed to be one of the causes of the vascular disturbances, and 
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since a close chemical relationship exists between the estrogens and 
the corticosterols, we have stutlicd the efi’cct of administration of 
dcsoxycorticosterone acetate* in a series of patients with disturbed 
ovarian function and altered electrocardiograms. 

Case Eeports. Case 1. If. A., a woman of 27 was admitted to the 
hospital for palpitation, nervousness, great fatigue, and niixicty. A p.tn- 
liystercctoiny had been perfonncrl S years previously. Two years beff)re 
admission, the patient received a .series of injections of an estrogenic hor- 
mone. She has been treated for “neurocirculatoiy astheina." 

Phy.sical examination of the heart revealed a nonnal fonn and size, but 
with evidence of a marked hy{)cnnotility: the sounds were pure, ami the 
blood jircssurc on admission was 120/90. There was no evidence of organic 
heart disease. The patient had not received digitalis or any other medicine 
jjrior to admission. 

The first electrocardiogram (Fig. lA), taken on entra- to the hospital, 
showed a sinus rate of S-'t, a nonnal conduction time, and a slight slurring of 
the C2HS-complexes. The T-wa%’c in fjoad I was low. In Lead II there 
was a depressed ,S-T segment followed by an almost invisible T-wave. In 
I/-afl III and in the chest lead (CR;), the S-T segment was dej)resscd, and 
the T-wave inverted. Figure 1/f was taken 13 d.ays later after the adminis- 
tration of 3 injections of 10,000 lU estrogen. .\t that time, all of the i)at lent 's 
.sjanptoms had disappeared, and .«hc was ven’ euphoric. In the electro- 
cardiogram the pulse rate was as before; however, the T-waves were higher 
in Iz-ad I, normally positive in I/'.ad II, and much less inverted in Lead IH 
and the chest. l«id. 

Xo medication was given for S days, when the patient com))lnined again 
of her fonner symptoms ,and of e.xcessivc fatigue. The electrocardiogram 
taken at that time is repro<!uced in Figure If'. The heart rate had increased 
to 10(>, the .‘^T sepnent in Lead II was again depressed, .and the T-wavi? 
in that lead was lower. The inversion of the T-wave iti Lead III and in the 
<>hest lead is again more pronounce<i. At this time 10 mg. of desoxycorti- 
costerone acetate were given daily for 3 <lays. The patient again e.XfK'ri- 
encc<l a markmi improvement, although she did not feel .as relaxeti and free 
from fear .and fatigue as after the first series of injections. The electro- 
cardiogram taken ."i days .after that in Fipire If' (Fig. 1/^) showed a marked 
change. There was ji bradycardia of -10. The S-T sepnents were norinal 
in (‘.ach lead, and the T-waves were positive. Ono week later the jiatient 
roinftlained of some hoi flushes, pressure over the precordiiim, and exrit.a- 
bility; these symptonis gradually increased. Figure 1/;', taken 12 days 
after Figure I/), again suggcste*! a marked di'terioration with change- uhich 
nri’ almost like tho-e of Figure If. 

('asf. 2. a woman of 2'>, was .aslmifled for malmitrilion and 

‘hvpo-ovariani-m.’' .''ix years priwiou'ly the [i.itient had had an oinTation 
for oojiho.'iti' and 'atpingitis. ^iiirc th.at time her men-tnial flow ha- 
I’l'fed o’llv 1 to 2 day- atid let- Is'en -canty, .'■'he had -uffered from fi dn 
ovi r the prerordium. dv.-ptiea, and jialjiitation. On ex.amiti.ation. there 
x‘.<re no signs of liyiH-rthyroidi-m. The iie.art exhibited a normal -i/e and 
form, but f.arhvc.ardi.a .aisd hvp-rmotility were botb jiresent. 'I'he li'arl 
soimd' •.‘.efe ])'ire, and the l>li"«l jm --ute wa- Ids 7h. Xo o.sganie I'.ifdi - 
va- adar di-e-.-e exi-’e.i Ti.-- jiath-nt did no! receive digital!- befi.re 
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The next electrocardiogram (Fig. 2C) was taken 2 months after Figure 25; 
no medications had been used in the interim. It showed a return of a 
tachycardia of 120 and a depression of the S-T segments in Leads II, IH, 
and the chest lead. The T-wave in the chest lead had disappeared. Fig- 
ure 2D was obtained 1 week after Figure 2C; in the ineantime the patient 
had received 2 injections of 10,000 lU each of estrogenic hormone. She felt 
much better and showed a perfect^ normal electrocardiogram. 



Fig. 3. — Case 3. A was taken before, and B after injections of desoxycorticoster- 
onc acetate. - C was made after treatment with estrogen; D was obtained 8 months 
later, and E was obtained after treatment Math desoxycorticosterone acetate. 


Case 3. K. C., a woman of 47, was readmitted to the hospital 4 weeks 
after an operation for prolapsus uteri She complained of precordial pain, 
dyspnea, and flushes. Physical examination did not reveal any signs of an 
organic heart lesion. The slightly obese patient had a heart which was 
normal in size and form. The second aortic sound was slightly accentuated, 
the heart sounds were pure, and the blood pressure was 100/60, and the 
blood Wassermann test was negative. The patient did not receive digitalis 
before admission, and there were no abnormal findings besides uterine 
fibroids. 
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The first electrocardiogram, taken on admission (Fig. 3.4), showed a 
regular sinus rhj-thm with a marked depression of the S-T segment, es- 
pecially in Lead 11 and in the chest- lead. The T-waves were abnormallv 
low. Figure ZB was taken 1 week later after injection of 10 mg. of desoxj'- 
corticosterone acetate daily for 4 days. There was a marked improvement, 
the depression of the S-T segments had diminished, and the T-waves became 
positive. -4 .series of 7 injections of 2000 EU estrogen caused a complete 
normalization of the electrocardiogram (Fig. ZC, obtained 10 days later.) 

The patient was ree.vamined 8 months later, at which time hot flushes, 
palpitation, and so forth, were again present. The electrocardiogram 
(Fig. 3D) showed a normal Lead I, but an abnormal S-T segment and an 
abnormal T-wave in Lead II and the chest lead. A series of 6 injections of 
10 mg. of desoxj'corticosterone acetate administered tnlce weeklj' caused a 
complete disappearance of these changes with normalization of the electro- 
cardiogram and marked improvement in subjective sjTnptoms. 

C.V5E 4. E. F., a woman of 47, seen through the courtesj* of Dr. George 
Lutton, was admitted to the hospital because of weakness, loss of weight, 
palpitation, tachycardia, nervousness, dizziness, and insomnia. These 
s5mptoms had begun several months after a supravaginal hysterectomy 
3 years pre%'iously, at which time, however, neither tube nor o%'aries were 
disturbed. These manifestations had become increasingly severe to the 
time of admission. No digitalis had been given within the 6 months im- 
mediateh' preceding her hospitalization. 

Ebj-sical examination revealed a well-nourished, well-developed woman 
with normally pigmented skin, heart w'ell within normal limits of size, sounds 
pure, and blood pressure of 120/70. There was no e\idence of organic 
disease in the heart or elsewhere. 

The first electrocardiogram showed a sinus rate of 116 and a normal 
conduction time. There was a depression of the S-T segment in all three 
limb leads, the T-wave in Lead II was inverted, and the T-wave in CRs was 
biphasic. The next electrocardiogram (Fig. 4B) was taken 7 days later 
after 6 daily injections of o mg. of desoxj-corticosterone acetate. The rate 
was 98, and the conduction time shortened to 0.18 sec. The S-T segment in 
all leads was less depressed than before, and the T-%vave in Lead II was 
low but positive. The third fracing (Hg. AC) was made 2 days later after 
2 10-mg. doses of desoxj'corticosterone acetate. The T-wave in Leads I 
and II and in CEj was then normal. The last electrocardiogram (Fig. AD) 
was recorded 1 week after the preceding, during which time no medication 
had been given. No variation from Figure AC was observed. 

Under treatment, all of the patient’s g.mptoms disappeared, her strength 
increased, and the nen-ousness, insomnia, and mental depression which 
were so prominent on admission had completely ceased to distmb her. 
One week after discharge from the hospital, during which time she receivrf 
no medication, she was placed upon estrogenic hormone therapy, and wliile 
opportunity has not been afforded for further e.xamination, reports from 
her physician indicate that she remains symptom free. 

Case 5. G. S., a woman of 21, was admitted to the hospital complaining 
of acute right lower quadrant pain, shifting myalgic and arthralgic pains in 
the arms and tegs, and palpitation. The patient was small and frail, sug- 
gesting the generally hypoplastic tv^pe, although she was well proportioned 
with normally develop^ secondary sex characteristics. Her menses bemn 
at age 14 and were accustomed to recur at 3-3- to 4.5^1aj' intervals, vlth 
2 to 4 days of flow, the flow being scantj' except for the first and sometimes 
the second day. Her right lower quadrant pain was at first i^cribed to an 
appendiceal involvement, but was later thought to be of o%‘arian origin; no 
operation was performed. 

Her first electrocardiogram (Fig. .5.4) was taken after 12 days of complete 
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bed rest. ’ The rate was 106. The P-E. interval was 0.12 sec. The S-T 
segments were depressed in Leads I and II, and the T-wayes v'OTe abnor- 
mally low in Lead 11. In Lead III, the T-wave was inverted. The chest 



Fig. 4. — Case 4. A was taken before B after administration of desoxycorticoster- 
one acetate. C was obtained after continuation of this treatment with an increased 


dose; D was taken 1 week later. 


lead (CF4) was normal. After the administration of desoxj'corticosterone 
acetate, 5 mg. daily for 11 consecutive days, a second electrocardiogram 
was made (Fig. 5B), which showed less depression of the S-T segments and 
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higher T-waves than formerlj'. Desoxj'corticosterone acetate was con- 
tinued in the same does for an additional 11 days when a third tracing was 
obtained (Fig. 5(7), in which practically normal S-T segments and T-waves 
existed. No further treatment was given for 13 days, when the electro- 
cardiogram revealed changes noted in Figure 5D. The T-wave in Lead I 



Fig. 5. — Case 5. A shows the elcctroc-ardiogram before, R after treatment with 
desoxycorticostcrone acetate; C was obtained after continuation of this treatment. 
D was rccistered 13 days later. E was obtained after treatment with estrORcnic 
hormone. 

was lowered with a .slight depression of the S-T segment; the S-T segment 
in Lead II was markedly depressed vith a low deflection of the T-wayc 
atiove the iso-electric line. The T-wave in Lead III was more deeply 
inverted than at the time of the first tracing, and the S-T in Lead CFr was 
slightly depressed. The heart rate was 115. 
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One week later, pregnant mare’s serum (100 units, Cole and Saunders) 
were administered, and this dose was repeated everj^ second day for 6 injec- 
tions. Immediately following the fourth such treatment, estrogenic hor- 
mone, 10,000 international units, was given daily for 5 days. On the sixth 
day, an electrocardiographic tracing was made (Fig. 5E), which shows 
again changes in the direction of normal. The T-wave in Lead I is higher, 
and the depression of the S-T segment in Lead II is markedly diminished. 

■Case 6. C. G. was admitted to the hospital for menorrhagia. The 
43-year-old colored woman had had prolonged menstrual periods for the 
past 4 years. She was admitted to the gynecologic ward where uterine 
fibroids were discovered. Because of swelling of the ankles and hands, it 
was decided to treat her conservatively, and she was transferred to the 

medical Avard. _ ■ r v 

Examination revealed a heart of normal size and form vnth a soft systolic 
murmur over the base. The blood pressure was 170/124. There Avas no 
evidence of an aortitis although the Wassermann reaction Avas 4-f . All 
other laboratory findings were nonnal; there was no anemia and no evidence 
of congestion. 



Fig. 6. — Case 6. A shows the electrocardiogram before, and B after administration 

of deso.xycorticosterone acetate. 


The electrocardiogram (Fig. 6A) shoAved a normal sinus rhythm AAuth a 
normal conduction time. The T-AA'aA'^es in Lead I Avere abnormally Ioaa' and 
Avere almost invisible in Lead II. FolloAtfing 5 daily injections of 10 mg. of 
desox}"corticosterone acetate, the T-AyaA'^es became completel 3 '- normal 
(Fig. QB) . The blood pressure fell to 132/88, and the patient AA^as dismissed 
Avithout any sjrmptoms. At no time had the patient received digitalis. 

Discussion. The clinical findings in each of the 6 cases AAdiose 
electrocardiographic findings are detailed aboA^e were unequivocally 
those of disturbed OAmrian function. Three of these patients AAm’e 
of menopausal age, 2 had undergone surgical castration, and one AA^as 
of a constitutionally inferior t^qie associated Aidth frank signs of 
gonadal insufficiency. 

In 4 of the cases, the effect on the electrocardiogram of both 
desoxycorticosterone acetate and estrogenic hormone AA^as shoAAm to 
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be identical in kind, ^^arying only in degree with the size of the 
dosages employed. In the fourth and sixth patients, desoxycorti- 
costerone acetate alone was used. Improvement in the clinical 
symptoms followed the administration of desoxy corticosterone ace- 
tate as well as the use of the ovarian hormone. However, relief of 
symptoms was much more profound under estrogenic hormone 
therapy than it was under treatment with the adreno-cortical 
steroid. 

The duration of improvement both in the clinical condition and 
in the electrocardiographic tracings li^aries greatly from individual 
to individual. As in Case 1, many patients will relapse in from 
7 to 10 days after the cessation of therapy. We have followed such 
individuals for as long as 4 j^ears, during which time continuous 
treatment has been necessary to control symptoms and electro- 
cardiographic changes. Some patients, particularly those in the 
climacterium, appear to be more or less permanently relieved of 
circulatory and other disturbances by from one to several doses of 
either estrogenic or adreno-cortical steroid. 

The action of desox 3 -eortieosterone acetate in connection with 
ovarian dj’sfunction appears to have some degree of specificit\'. We 
have administered 10 mg. of desox^morticosterone acetate for 14 days 
to a patient with h.ypopituitarism and polj’glandular manifestations 
without anj" influence whatsoever on the inverted T-waves of his 
electrocardiogram. Again, no change following the use of similar 
amounts of desoxycorticosterone acetate has been noted in the 
inverted T-waves in Leads I and II of the electrocardiograms of 
patients with hypertension and evidence of left ventiicular strain. 
According to Eaab,® overdosage with cortico-steroid ma.v cause 
changes in the electrocardiogram indicative of anoxia. 

A satisfactorj' e.xplanation of the abilitj’- of estrogens and desoxj'- 
corticosterone acetate to return the altered electrocardiogram to 
normal is fraught with some diflSculties. From previous studies 
with the ovarian hormone, it was suggested that the vasodilating 
and electrolyte regulating actions of the ovarian hormone were 
probably’ responsible.” In view of the fact that the predominant 
influence of desoxj’corticosterone acetate on blood-vessels is one of 
vasoconstriction, the vasodilation hj^jothesis becomes now much 
more difficult to defend. The effect might be an indirect one upon 
the ovar.v b.v waj- of the hvpophj'sis, as it is known that cortical 
steroids do produce changes particularl.v in the basophilc cells. 
This would, however, not explain the return to normal of the electro- 
cardiogram of the two castrate patients. 

Changes in calcium metabolism maj* plaj’ a part in the observed 
action, but while a number of observers are agreed upon the presence 
of changes in calcium metabolism in relation to the ovarian cycle in 
many of the lower animals,'-’" such changes are not easily perceived 
in the human being^-'" and even less well evaluated. 



DESOXYCORTICOSTERONE ACETATE IN HYPO-OVARIAN STATES 51 

That sex and adreno-cortical hormones alike have a definite 
influence upon electrolyte and water metabolism and balance seems 
to be proved beyond reasonable doubtd^-^® Thorn and Engel 
demonstrated that adreno-cortical hormones, desoxycorticosterone 
acetate among them, and the sex hormones, while differing markedly 
from each other in the potency and duration of their effects, all 
showed in common an ability to decrease the renal excretion of 
sodium and chloride and to raise the excretion of potassium. It is 
known that potassium and glycogen move into and out of muscle 
cells togetherd’®’^® and that the action of potassium on the heart is 
to some extent a specific one not shared by other skeletal muscles 
generally. Schumann determined the glycogen and creatine phos- 
phate content of the heart of the male rat before and after castration 
and following the administration of synthetic male sex hormone.^^ 
After castration the amount of creatine phosphate diminished to 
63% of normal, and the glycogen to 66% of normal. Administration 
of male sex hormone to the castrated animal augmented the amount 
of glycogen to 162% and returned the creatine phosphate to pre- 
castration levels. The giving of sex hormone to the normal animal 
increased the quantity of glycogen in the heart by approximately 
100 %.> 

The influence of desoxycorticosterone acetate on the electro- 
cardiographic changes seen at the menopause and in other hypo- 
ovarian states is in part explained by what is thus far known of its 
gynecogenic action.® The progesterone-like activity of desoxycorti- 
costerone acetate has been repeatedly observed and described fol- 
lowing the use of proper dosages and conditions of application,® 
but may fail to appear when they are not present.® Attention 
should also be called- to its direct estrogenic effect upon the vaginal 
mucous membrane of postmenopausal women.® 

In conclusion, it is safe to assert that desoxycorticosterone acetate 
returns to normal the altered electrocardiograms occasionally ob- 
served in women with ovarian insufficiency in a similar way as 
ovarian follicular hormone. The manner in which this effect is 
brought about is far from settled. A vascular action, a regulatory 
influence upon blood and tissue electrolytes, and an interhormonal 
response must all be considered among the primary causes giving 
rise to secondary changes in the nutritional state and functional 
capacity of the heart. 

Summary. 1. Six women with clinical manifestations of hj^po- 
ovarianism and electrocardiographic changes, typical of such a state 
have been described. 

2. The influence of desoxycorticosterone acetate and ovarian 
follicular hormone on the clinical and electrocardiographic distur- 
bances present in each of 4 of these has been recorded -and evaluated. 
In 2 additional individuals, changes following the administration of 
desoxycorticosterone acetate have been noted. 
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3. In each of the 4 patients to whom administered, estrogens 
returned the previously altered electrocardiogram to normal. Total 
dosages necessary for this effect A^aried from 14.000 to 50,000 inter- 
national units. 

4. In all 6 patients, the previously altered electrocardiogram 
reverted to normal under the influence of desoxycorticosterone ace- 
tate in total doses of 30 mg. to 60 mg. The response was equivalent 
in kind and in degree to that obserAmd following the administration 
of ovarian follicular hormone, provided proper dosages were 
employed. 

5. Possible explanations of this action of desoxycorticosterone 
acetate upon the heart are discussed. Among these we must include 
a direct action by way of the blood-vessels and blood and tissue 
electrolytes, and an indirect action by way of other endocrine glands, 
notably the pituitarj- and the gonads. 
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..^^^STUDIES ON CONGESTIVE HEART FAILURE, 
n. Impaire d Renal Excretion ,of Sodium Ch loride. 
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.assistants XK MEmCIN'E, HOSPITAL. OF THE KOCKEFEIXEU INSTITUTE, 
NEW YORK, N. Y. 


(From The Hospital of The Rockefeller Institute for Medical Research.) 

The ion.s whicli predominate in the edema fluid of cardiac failure 
are sodium and cliloride. A diet low in salt may prevent formation 
of edema in patients with heart failure," Avhereas the administration 
of sodium salts results in oliguria and increase in weight. 

These considerations indicate that retention of sodium and 
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after the experiment a mercurial diuretic was given to all the patients with 
cardiac failure, except in the case of the first period of N. J., when abdom- 
inal paracentesis was performed, in order to free them of edema accumulated 
during the test. 


Table 1. Venous Pressure and Chemical Analyses on Blood Before and 
After Intravenous Infusion of Sodium Chloride (21 to 33 Grams). 

Serum 



Time after 

Serum 

Serum 

dioxide 

Blood urea 



njection 

sodium 

chloride 

content 



Subject, date. 

of salt 

(m.eq. per (m.eq. per 

(mM. per 

(mg. per 

pressure 

diagnosis. 

(hrs.). 

liter). 

liter). 

liter). 

100 ce.). 

(mm.). 

Case 1 (G. S.) 

0 


97 



GO 

Januarj', 1940 

1 


110 




Bronchial asthma 

10 


114 





24 


111 





48 


305 





120 


100 




Case 2 {M. M.) 

0 

142 

108 


IG.5 

105 

October, 1940 

1 

153 

119 



105 

Hypoproteinemia 

12 

150 

119 


21.1 

94 


24 

151 

117 


18. S 

III 


48 

144 

112 





72 


109 





120 


107 




Case 3 (S. DiM.) 

0 


97 



327 

February, 1940 

8 


113 




Mild heart failure 

24 


in 





72 


100 




Case 4 (W. D.) 

0 

130 

98 



225 

June, 1940 

1 

151 

111 




Severe heart failure 

9 

148 

109 





24 

149 

108 



231 


72 

137 

97 




February, 1941 

0 

130 

97 


18.3 

205 


1 

140 

107 



210 


9 

143 

107 


18.0 

991 


24 

140 

109 


19.3 

198 


48 

144 

104 


21.0 

220 

Case 5 (11. H.) 

0 

137 

94 

33.1 

0.2 

125 

June, 1941 

I 

148 

111 

29.8 


95 

Severe heart failure 

9* 

153* 

118* 

27.0* 




24 

155 

117 

29,0 

8.G 

175 


48 

150 

no 

30.0 

9.2 

150 


72 

143 

too 

28.3 

9.1 

172 


120 

137 

103 

29.2 


172 


Case G (J. B.) 

0 


107 

115 

November, 1940 

G 


109 

107 

Severe heart failure 

9* 


llo* 



24 


312 

35S 


72 


105 



90 



193 


168 


103 


Case 7 (N. J.) 

b 


99 

245 

January, 1940 

1 


112 


Severe heart failure; 

24 


107 


renal disease 

90 


103 



192 


100 


^tarch, 1940 

0 


97 

G1 


1 


in 



9 


HI 



24 


112 



48 


no 



120 


101 



* Followinp second inicction of C% sodium chloride; see text under "Procedure.” 


Amlytiml ^Icthods. Serum cliloride was estimated by tlic method of 
^^an Siyke.’^t The Volhard-Arnold procedure’ was used to mea.sure iirinarj' 

t The normal values obtained by this method ranpe from 99 to lOS mil!ic(;uivalonts 
per liter (averaRe aljout 102). The chloride content of the serum of patients taking 
such salt-poor dict-s w-as iisu.ally found to l>c lower than this; 90 to 100 milliefiuiv.alent.s. 
The initial r’ahics of 1 control and all but 2 cardiac patients were in this ranRc; the 
other control and 1 cardiac exhibited hiph initial values. 
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chloride, with occasional checks by the titrimetric silver iodate method of 
Sendroy.* Urinary sodium was estimated by the technique of Butler and 
TuthilV as described for urines of “ordinary sodium content.” Butler and 
Tuthill’s method, modified by Consolazio and Dill,^ was also used for the 
measurement of serum sodium. Whole blood and urine were analyzed for 
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urea-plus-ammonia nitrogen by the method of Van Slyke and Kugel,‘*.‘» and 
the urea-plus-ammonia clearance was calculated from these data by the 
formula of Mdller, McIntosh, and Van Slyke,'' correcting urine flow for 
size on the basis of height.^ Serum carbon dioxide content was measured 
by the inethod of Van Slyke and Neill.“ Venous pressure was measured 
by the direct method and is expressed as millimeters of 0.8% solution of 
sodium chloride; heart level was assumed to be 5 cm. below the sterno- 
manubrial junction, with the patient in the supine position. 

Case Reports. The 2 control subjects, G. S. and M. M. (Cases 1 and 2) 
suffered from bronchial asthma and hypoproteinemia respectively; the renal 
function of neither was impaired. G. S. was chosen as a relatively normal 
individual; M. M. because of the presence of edema not due to cardiac or 
renal diseases. Of the 5 patients with heart disease, 3 (S. DiM., W. D. and 
M. H., Cases _3, 4 and 5) had rheumatic heart disease uith no impairment 
of renal function and no e\ddence of active rheumatic fever. Two patients 
(J. B. and N. J., Cases 6 and 7) had arteriosclerotic heart disease; there was 
evidence of impairment of renal function in the latter. 

Case 1.— G. S., male, age 40, height 175 cm., had suffered from mild 
bronchial asthma, unaccompanied by cardiovascular or renal complications. 
Urea clearance was 80% of normal. 

Case 2.--M. M., female, age 29, height 157 cm., had moderate anasarca 
due to hypoproteinemia, possibty complicating sprue. The edema was of 
11 years’ duration and had responded in the past to mercurial diuretics. 
Plasma albumin concentration was 1.8 and globulin 1.6 gm. per 100 cc. 
Her serum chloride concentration previous to the test was always higher 
than normal, ranging from 107 to 110 m.eq. per liter, and her serum carbon 
dioxide content was 26.4 mM. per liter. There was no eridence of cardiac 
or renal lesions. The urea clearance averaged 100% of normal. The urine 
contained no protein or formed elements, and had a maximum specific 
gravity of 1.026. Minimal edema was present at the time of her test, which 
was performed at a time when, apparently in association with the recent 
institution of the low salt diet, a diuresis was in progress. 

Case 3.— S. DiM., female, age 30, height 157 cm., suffered from rheu- 
matic heart disease with mitral stenosis. She had complained of exertional 
dyspnea and slight edema intermittently for 3 years. Her blood pressure 
was 130/80. Urea clearance was 90% of normal, and the rnaximum urinarj’ 
specific gra^dty 1.026. There was no erddence of heart failure at the time 
of her test. 

Case 4.—W. D., male, age 42, height 166 cm,, suffered from rheumatic 
heart disease, with mitral stenosis, aortic insufficiency, and auricular fibril- 
lation. Symptoms and signs of severe congestive failure appeared 1 year 
before the test of June, 1940. Blood pressure was 160/80 in June, 1940, 
and 140/70 in Februarj’, 1941. There was slight albuminuria (1-f). In 
Ma5', 1940, the plasma albumin measured 3.3 and the globulin 3 gm. per 
100 cc.; in April, 1941, these figures were 4.1 gm. and 2.9. The urea clear- 
ance averaged 90'/b of normal; and the maximum urinaiy specific gravity 
in June, 1941, was 1.024. Even with rest and diuretics edema was not com- 
pletel}' controlled. Slight jaundice was frequently observ’ed. At the time 
of each of the two tests performed on this patient, in June, 1940, and 
Febmarv", 1941, slight ascites, enlargement of the liver and orthopnea were 
noted, decompensation being more marked when the first was done. 

Case 5.— M. H., female, age 48, height 154 cm., suffered from rheumatic 
heart disease, with auricular fibrillation, mitral stenosis, and tricuspid 
insufficiency, hlenopause occurred 5 years before admission. She had 
noted symptoms and signs of heart failure for 12 j’cars, and edema, not 
satisfactorily controlled by digitalis or mercurial diuretics, was constant 
for 5 years. Blood pressure was 132/80. The urine contained albumin 
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(1+). The maximum specific gravity of the urine was 1.024. The plasma 
albumin concentration was 3.9 and the globulin 3 gm. per 100 cc. Slight 
orthopnea persisted at the time of the test, there was a small hydrothorax, 
and her liver was enlarged. 

Case 6.— J. B., male, age 69, height 165 cm., suffered from arteriosclerotic 
heart disease, with auricular fibrillation. Symptoms of severe congestive 
failure had been present for 3 j’-ears. Blood pressure was 132/84. The 
urine contained albumin (2+) and a few red blood cells. The plasma albu- 
min was 3.6 and the globulin 2.8 gm. per 100 cc. The blood non-protein 
nitrogen was 32 mg. per 100 cc.; the urea clearance, measured 2 years 
before the test, was 70% of normal, the maximum specific gravity of the 
urine was not determined. Despite use of diuretics, orthopnea and edema 
were observed at times in the hospital. There was no edema at the time 
of his test, but his liver was enlarged. 

Case 7.— N. J., male, age 67, height 160 cm., suffered from arteriosclerotic 
heart disease with aortic insufficiency and auricular fibrillation. Symptoms 
and signs of severe congestive failure had been present for 3 years. Blood 
pressure was 142/80. The plasma albumin in July, 1940, was 3.7 and the 
globulin 3.2 gm. per 100 cc. Urine contained albumin (1-J-). The urea 
clearance was 37% of normal in October, 1939, and again in February, 1940; 
the blood urea nitrogen on these occasions was 23 and 27 mg. per 100 cc. 
Edema was difficult to control. Ascites and edema were present at the 
time of the first test performed; compensation had been partially restored 
at the time of the second. The patient died in uremia in January, 1941, 
At autopsy the kidneys showed only moderate arteriosclerotic changes. 

Results. During the 24 hours following the injection of salt, the 
renal excretion of sodium and chloride ions in the 4 patients with 
severe cardiac disease was not more than 30% of that observed in 
the 2 control subjects. In respect to chloride the urine of the 
patients with severe heart disease was ahvays hypotonic when com- 
pared with the serum. 

The changes in the concentrations of chloride and sodium in the 
serum are described in Table 1. The degree of elevation produced 
varied from subject to subject; however, 24 hours after the injection 
the serum chloride and, when determined, sodium concentrations in 
all subjects proved to be at levels higher than normal. 

The urinary excretion of these ions, and the urea clearance values, 
are given in Table 2. More extended data on urinary chloride 
are presented in the graphic analyses (Fig. 1). The 2 control 
subjects (Cases 1 and 2) achieved urinary chloride concentrations 
of 182 and 164 m.eq. per liter during the 24 hours following the 
injection of salt; the total 24-hour excretion of chloride Avas 169 and 
13S m.eq. Thus, hypoproteinemia of a degree suflRcient to cause 
edema did not prevent Case 2 from excreting salt approximately 
as efficiently as did the other control subject. Case 1. The patient 
convalescent from mild cardiac failure (Case 3) achieA'^ed a concen- 
tration of 140 m.eq. of chloride per liter, and excreted 115 m.eq. in 
24 hours. The three tests on the 2 patients recovering from severe 
cardiac failure Avho exhibited normal or elermted urea clearance 
(Cases 4 and 5) revealed 24-hour chloride concentrations of 63, 47 
and 30 m.eq. per liter; the total 24-hour outputs of chloride were 
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56, 25 and 12 m,eq. Case 6, the patient recovering from severe 
heart failure whose renal function was not recently investigated, 
excreted chloride in a concentration of 58 m.eq. per liter, the 24- 
hour output of chloride being 55 m.eq. Finally, Case 7, who, in 
addition to suffering from severe cardiac disease showed evidence of 
impaired renal function, on 2 different occasions e-xcreted chloride 
in a concentration of 31 and 14 m.eq. per liter; the total 24-hour 
outputs were 32 and 21 m.eq. The concentration of sodium in the 
urine of the patients in whom the measurement was made paralleled 
that of chloride. 

Chloride clearances were calculated from the date presented in 
Tables 1 and 2 and from additional data not included therein. For 
a given subject, there was noted a tendency for the clearance to ^'ary 
directly with the serum chloride level and the urine \mlume. There 
were numerous marked deviations from these trends, however, par- 
ticular!}' in the patients with heart disease. The averages of the 
chloride clearances* for each patient during those periods when the 
failing curve of the serum chloride level was in the range 108 to 
111 m.eq. per liter inclusive follow: Case 1, 0.93 cc. of serum per 
minute; Case 2, 0.40 cc.; Case 3, 0.47 cc.; Case 4 (.June, 1940), 
0.24 cc.; Case '4 (February, 1941), 0.13 cc.; Case 5, 0.11 cc.; Case 6, 
0.20 cc. ; Case 7 (January, 1940), 0.16 cc. ; and Case 7 (March, 1940), 
0.15 cc. of serum per minute. Case 5 whose chloride clearance 
throughout the test was the lowest observed in any of the patients 
also showed the lowest urine flow. 

The administration of mercurial diuretics to patients with cardiac 
failure may occasion excretion of sodium and chloride in concen- 
trations exceeding those observed following the intravenous admin- 
istration of sodium chloride; this fact is demonstrated by the 
data on Cases 4, 5, 6 and 7, presented in Table 2 and Figure 1. 
For example, Case 5, folloH'ing the injection of sodium chloride, 
excreted in 24 hours 420 cc. of urine with a chloride concentration 
of 30 m.eq. per liter; following the intravenous administration of 
2 cc. of mercupurin, the 24Thour e.xcretion was 3560 cc. of urine 
with a chloride concentration of 109 m.eq. per liter. For Case 
7, whose urea clearance was 37% of normal, the intravenous 
injection of 24 gm. of salt occasioned the excretion of 1433 cc. of 
urine with a chloride concentration of 14 m.eq. per liter. Two 
weeks later, after intravenous administration of 5 cc. of salyrgan 
the 24-hour output was 3430 cc. of urine with a chloride content of 
90 m.eq. per liter. This did not occur in the cases of a control 
.subject (Case 1) and the patient with mild heart failure (Case 3) 
(Fig. 1). 

» The .inioiint of scnim cleared of chloride by the kidneys was c.'ilculatcd b.v the 
formiiha; g X Vc, when U and B .are the urine and .>"cnim concentration.s of ehloritlc 

respectively, .and Vc is the urine flow per minute, corrected for size on the b.-i-sis of 
height.*'* 
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Discussion, The filtration-reabsorption theory of renal phj^siol- 
ogy offers two mechanisms which might occasion the impaired 
excretion of sodium chloride observed in our patients with conges- 
tive heart failure. First, the volume of glomerular filtrate may 
have been diminished below normal, the renal tubules consequently 
reabsorbing a greater proportion of filtered sodium and chloride 
without actually increasing their rate of reabsorption of these ions. 
The fact that in Cases 4 and 5, with severe heart failure, the urea 
clearance remained at its previous normal or high level during the 
test suggests that glomerular filtration was not depressed after the 
injection of salt. 

The second, more likely explanation for the diminished urinary 
excretion of sodium chloride is an increased rate of tubular reabsorp- 
tion of these ions, the result of circulatory changes in the kidney 
or of hormonal influences upon the renal tubular cells. Thus, 
increased venous pressure or renal anoxemia may perhaps stimulate 
the reabsorption of salt by the tubules. Or the increased tubular 
reabsorption may be effected by an endocrine mechanism, possibly 
involving the adrenal cortex,® set in motion by heart disease or 
by therapeutic measures instituted during the treatment of heart 
disease. An abnormallj'^ low rate of excretion of ingested sodium 
chloride has also been observed in patients with diabetes insipidus.^® 

Our data do not indicate whether the observed abnormality in- 
volved primarily the excretion of both the sodium and the chloride ion, 
or merel}^ one of the pair. The greater facility with which chloride 
can be measured explains why the majority of our information is 
on that ion rather than sodium. 

If the retention of ingested salt observed clinically in patients 
with heart failure is to be explained as primarily due to failure of 
the kidney to excrete sodium and chloride in normal amounts, an 
explanation must also be offered for the fact that the concentrations 
of these ions in the serum of patients with congestive heart failure 
are not found elevated. Water must be secondarily retained by 
the kidney, in sufficient quantities to adjust the concentrations of 
sodium and chloride to the normal range. Instead of salt being 
excreted in a normal manner, salt, and therefore water are retained ; 
this mechanism was certainly active in our patients with congesti'\'’e 
heart failure during the days following an injection of salt, as indi- 
cated by the fall in serum electrolyte levels, the increase in iveight, 
and the fall in urine volume. 

Summary. 1. In 4 patients convalescent from severe eongesti^’^e 
heart failure there was found an impairment of the ability of the 
kidney to excrete sodium and chloride, (as compared to 2 subjects 
without heart disease), when the concentration of these ions in the 
serum was e.xperimentall.y elevated abo^'e normal. 

2. IMercui’ial diuretics increased the excretion of sodium and 
chloride by these same subjects. 
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STUDIES ON “ESSENTIAL” HYPERTENSION. 

IV. Eablt Arterial Htpertension. 

By Henry A. Schroeder, M.D., 

ASSISTANT IN MEDICINE, 

NEW YORK, N. Y. 

(From the Hospital of the Rockefeller Institute for Medical Research.) 

Studies of patients e.vhibiting so-called “ essential ” arterial lij'per- 
tension have been rewarding in that the coexistence of a variety of 
abnormalities has suggested that tliis condition is not a single dis- 
ease.®" Only those patients have been studied in whom the date 
of onset of the elevated blood pressure was known. When certain 
other circumstances occurring at or before the time of onset of the 
condition were also known, it was sometimes possible to arrive at 
an opinion regarding the mode of onset, some of the precipitating 
factors, and the subsequent development of events. 

Because facts about the early stages of arterial hypertension 
appeared important, a group of cases exhibiting slight elevation of 
blood pressure of short duration were investigated in the hope that 
some information hearing on the mode of onset of hypertension 
might be made available. Disturbances of the nervous system and 
the genito-urinary tract were especially studied in an attempt to 
ascertain their relation to elevation of the blood pressure. 

Material and Methods. Cases were selected when the following condi- 
tions were ob.«en'cd; a, systolic blood pressure of more tlian 1.50 mm. Hg 
on at least 3 occasions, but which was usually between 140 and ISO; b, dia- 
stolic blood pressure of more than 85 mm. Hg on at least 3 occasions, but 
which was usually ies.s than 100; and, c, the discovery’ of hypertension on 
routine examination. Cases in younger subjects were studied, excluding 
patients with general artcriosclero.sis. AH cases came because of elevation 
of the blood pre.«surc, and none because associated disturbances had been 
discoverctl. _ . . , 

The n.su.al e.\’.amin3tions were alwaj’s made, .some with the view of eliciting 
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etiologic factors, and others with establishing the existence of the effects 
of the elevated blood pressure. The former include: a detailed history; 
physical examination; cursory psychologic examination; studies of the genito- 
urinary tract, with bacteriologic cultures of the urine, pyelograms after 
intravenous injection of diodrast, and, Avhen necessary, cystoscopic exam- 
ination and retrograde pyelography; estimation of the basal metabolic 
rate; and Roentgen ray photographs of the skull and larger arteries. The 
latter include; examination of the ocular fundi, physical examination, 
taking an electrocardiogram and Roentgen ray photographs of the heart, 
studies of the function of the kidneys (the ability of the kidneys to concen- 
trate urine and the clearance of urea), and measurements of the blood 
pressure under various conditions. 

There were 50 cases in this group; 36 males, 14 females. Thirty- 
five were under 30 years of age at the onset of the disease, and 15 
were under 20. All exhibited elevation of the systolic pressure. 
The diastolic pressure in all but 9 was on occasions 90 mm. Hg or 
more. Cases were classified according to the plan proposed by 
Schroeder and Steele.®“ Thirty-seven exhibited lesions of the kid- 
neys, of varjdng degrees of severity, and were therefore thought to 
be suffering from “ renal ” hypertension. In 13 there was no obvious 
disease of the genito-urinary tract. 

Renal function was normal in every case. Basal metabolic rates 
were not altered. In no instance was the shadow of the heart in 
Roentgen ray photographs enlarged. Electrocardiograms in a few 
cases exhibited abnormalities of slight degree. The ocular fundi 
were essentially normal. Measurements of the blood pressure were 
significant in that 25 at times exhibited pulse pressures increased 
out of proportion to the elevation of systolic pressure; diastolic 
pressures were accordingly often low. 

“Renal” Hypertension. Of 37 cases exhibiting lesions of the 
urinary organs, ureteral obstruction was present in 23, obstruction 
with infection in 4, infection in 7, and congenital abnormalities in 3 
(Table 1). The relation of infection in the urine to the onsfet of 
hypertension was fairly well demonstrated in 1 (Case 14). Opera- 
tive removal of an obstruction at the uretero-pelvic junction in 
1 instance resulted in a fall of the blood pressure to normal, although 
the effect was, of course, slight (Case K)). That mild hypertension 
occurred as a result of infection (Case 12) and of urinary obstruction 
(Case 1) was often clear. Only 4 have subsequently developed 
persistent hypertension. Similar findings at the onset of the dis- 
ease in other patients exhibiting severe arterial hypertension offer 
evidence that these individuals are “potentially” hypertensive, and 
may become permanently so later on. 

“Nervous” Hypertension. Thirteen patients exliibited elevation 
of the blood pressure without organic renal disease. Eleven suffered 
from psychologic disturbances (Table 2). In 5 psj^choneuroses were 
of sufficient severity to interfere with normal existence (Cases 44 
and 45) ; in 2, such disturbances were not evident on routine exam- 
ination, but signs of the “diencephalic syndrome”^ were present. 
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Environmental influences were contributory in 7 cases. Ten com- 
plained of headache. One had been treated for a benign tumor of 
the brain, and 1 suffered from neurosj'philis. 

An attempt was made to examine separately some of the clinical 
phenomena which have been considered to be concerned with the 
existence of hypertension. Because there are often abnormal family 
histories, various disturbances of the kidneys and the nervous sys- 
tem, and abnormal reactions to environmental influences, these 
were made the basis of analysis. 

The Various Factors Associated With Hypertension. Two factors 
at least are probably necessary for the occurrence of arterial hj-per- 
tension; 1, a constitutional one, includes a familial tendency to the 
disease and the patient’s general physical and psychologic charac- 
teristics, especially those of his nervous system; 2, a morphologic one, 
applies to the existence of renal disease, or renal arteriosclerosis, or 
the development of neri'ous tension resulting from environmental 
influences (in most cases there was evidence of both) ; 3, a precipi- 
tating factor, is sometimes exactly known. 

Constitutional Component. There existed in 34 of 41 cases a 
history of arterial h^^^3ertension in a member of the family one or 
two generations before that of the patient, and in 5 others in a 
member of the same generation. In 7 there was h^-pertension in the 
families of both parents. In addition the temperament of almost 
every patient could be characterized either by the ex-pression, “high 
strung” or “unstable” to some degree, although the derangement 
was often well controlled. The diencephalic syndrome was promi- 
nent in half. Although in many cases environmental influences 
were unfavorable, the resultant mental conflict was usually e.xces- 
sive. The level of intelligence of the younger individuals appeared 
to be above the average; but their reactions to emotional stimuli 
were often e.xtreme. Emotional instabilitj" of some degree occurred 
in 44 of the 50 patients. Flushing with e.xcitement was common. 
Most complained of excessive perspiration, and their extremities 
were usually cold. Many were given to worrying, and became 
irritable when their affairs were not progressing favorably. These 
symptoms, it seemed, usually antedated the onset of hypertension, 
sometimes becoming more prominent as the blood pressure rose. 

Morphologic Component. In a majorit}' of patients (37) renal 
disease of various sorts was found to exist in combination with ele- 
ments of the constitutional factor (Table 1); Often it also occurred 
with dysfunction of the nervous system ((’ase 31), but occasionally 
alone (Case 24). Relatively .severe renal disease as estimated ana- 
tomically was associated with very little nervous instability (Oases 1. 
12, 14); similarly, slight renal disease with more pronounced nervous 
disturbance have been found together (Case 26). There was no 
relation, therefore, between the severity of renal affections and the 
height of the blood pressure. 
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In 11 of the remaining 13 cases nervous dysfunction had devel- 
oped without renal disease (Table 2). Psychoneuroses were present 
in 6 cases; emotional disturbances in 5. These existed in combina- 
tion with elements of the constitutional factor. In 1 instance hyper- 
tension appeared to have been influenced bj^ treatment of an anxiety 
state (Case 44). 

Precipitating Factor. In 5 instances emotional crises coincided 
with the onset of hypertension (Case 31). In 2 the onset occurred 
during pregnancjL In 2 infection of the urinary tract was present 
as a precipitating event (Case 14). In the remainder either the 
exact date of onset was not known, or gradually increasing emotional 
tension developed from adverse environmental influences. It could 
usually be inferred that the causes of such adversities lay in the 
individuals and not in their environments. 

Case Reports. Case 1. — H. K., a 19-year-old student, first became 
aware of arterial hypertension when he was 16, his blood pressure having 
been normal at age 15. At 17 he complained of headache, dizziness, and 
slight nausea. His mother developed hypertension at 40, and his sister 
also exhibited slightly elevated blood pressure. He blushed markedly all 
his life, perspired excessively, but denied emotional upsets. He was con- 
scientious about his work, and his grades in college were excellent. On 
examination a blotchy, well-demarcated blush was seen over his cheeks, 
back and shoulders. His hands and feet were cold, slightly swollen, and 
intensely cyanotic, with a purple color slowly fading to dead white after 
elevation for a few minutes. His urine was not abnormal, and the function 
of his kidneys was not disturbed. Pyelograms taken after intravenous 
injection showed bilateral hydronephrosis, more marked on the right side. 
From the appearance of the films the presence of a horseshoe kidney was 
suspected. There was no infection. The blood pressure varied between 
160 and 128 mm. Hg systolic and between 110 and 78 diastolic during 
3 3 ’’ears of observation. 

Summary (Case 1). Bilateral ureteral obstruction accompanied 
slight arterial hypertension in a young man mth acrocyanosis and 
some of the components of the blushing syndrome. 

Case 10. — J. P. was 17 years old when slight hypertension was discovered 
on routine examination. His mother's systolic blood pressure was 184 and 
her diastolic 122 mm. Hg; 1 of her sisters suffers from a diseased kidney. 
At 17 his systolic blood pressure was over 140 mm. Hg, but on a subse- 
quent examination it was normal. He was accepted as a recruit in the 
Navy. His mother refused to alloAv him to enlist because of his age, but 
the next year he applied for the Marines. His sj'^stolic pressure was found 
to be 160. 

Phj^sical examination disclosed nothing remarkable. There was marked 
dermatograj^hia, his extremities were cold and moist, and a diffuse blush 
apjieared on his face and chest after e.xcitement. He was a tense, over- 
active, excitable, unstable individual, angering easily, becoming easily 
aroused, and relaxing with difficulty. There were no albumin or white blood 
cells in his urine, and on culture no organisms were grown. P 3 ’^elograms 
made after intravenous injection showed slight dilatation of the left renal 
pelvis, .^gulation of the ureter was .detected at the uretero-pelvic junction ; 
on the right side there was an obvious abnonnalit}’’ which on retrograde 
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pj'elography ivas found to be marked hydronephrosis with obstruction at 
the uretero-pelvic junction. In 30 minutes the right kidney excreted 13% 
of phenol red injected intravenously, the left 21%. His blood pressure 
varied from 164 to 144 mm. systolic and 94 to 60 mm. Hg diastolic. His 
two kidneys were able to concentrate urine to a specific gravitj^ of only 
1.016, but the clearance of urea was normal. Plastic repair (nephropexj’) 
of the right kidney was performed by Dr. G. W. Fish in March, 1939; a large 
aberrant artery was found crossing the uretero-pelvic junction causing the 
constriction. _ Two months later his blood pressure was within norma! 
limits, his kidneys were able to concentrate urine to a specific gravity of 
1.025, and p 3 "elograms showed that there was less obstruction on the right 
side. Si.x months after operation his blood pressure was normal, where it 
has remained, and he was accepted for enlistment in the Army. 

Siimmary (Case 10). Arterial hypertension developed in a young 
man with marked hydronephrosis, and an unstable psychologic dis- 
position. There was hypertension in the family. Relief of the 
obstruction by operation resulted in a return of the blood pressure 
to normal. The subsequent course is naturally in doubt. 

Case 12.-— L. W. was an 18-year-old student. Both his father and mother 
suffer from arterial hj'pertension, the former also of some disease of his 
kidnej'^s. Aside from otitis media at 3 his past was unimportant. He had 
always blushed with excitement, but denied emotional instability. He phr- 
spired excessively. His blood pressure was first found elevated on routine 
examination at the age of 14. He had complained of mild but frequent 
headaches and difficultj’- in concentration on liis studies since the age of 17. 

There was little of importance to be made out on ph}'sical e.xamination. 
He was moderately obese. The function of his kidneys was normal. His 
heart was not enlarged in Roentgen ray photographs, and there were no 
abnormalities in the electrocardiogram. There was minimal albuminuria, 
but in the sediment were white blood cells, singb”^ and in clumps. Cultures 
of the urine showed man}' colonies of streptococcus. Group D (Lancefield). 
Pj^elograms taken after intravenous injection demonstrated slight but defi- 
nite dilatation of ureters and renal pelves, and the calj'ces were somewhat 
blunted. His systolic pressure varied from 170 to 135 mm. Hg and his 
diastolic from 98 to GO daring 2 months’ daib' observation. He was gii'en 
calcium mandelate b'y mouth for 2 weeks, and the number of organisms in 
each cubic centimeter of urine graduallj' decreased until the urine became 
sterile. One month later the same organisms were again obtained in cul- 
tures of the urine, again disappearing after the administration of calcium 
mandelate. This sequence of events had continued. Therap}' had no effect 
upon the level of his blood pressure which remained slightlj' elevated! 

Sinnmary (Case 12). Arterial hypertension of mild degree lasted 
4 years. The urine was infected, and lesions were oliservcd in both 
kidneys. Treatment of the urinary infection did not aflect the blood 
jiressure. 

Case 14.— II. M. wasa 17-3’car-old .student. His father died of li.vpcrtcn- 
sion and uremia associated with one inarkedl.v contracted kidney; his 
paternal grandmother and 2 jMtemal uncles exhibit it. _ His appendix had 
been removed at the age of 15. Because of his famil.v histon’, he had been 
observed since the age of 12, at which time hi.s .wstolic prcssnire was 106 
and his diastolic .54 mm. Ilg. “Cold pres.<or tc.st” gave a nonnal response, 
his .s\\stolic pressure rising 12 mm. Ilg and his diastolic 6. At 13 his .sj-.stohe 
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pressure was 130 and his diastolic 70; at 14, 122 and 78; at 15, 136 and 
60 mm. Hg. When he was 16 he complained of lack of energy, fati^e, 
and slight dysuria, and he noticed emotional instability and irritability. 
Because his systolic pressure was 160 and his diastolic 80 mm. Hg he was 
studied in the hospital. 

Aside from the presence of cold, moist extremities and dermatographia 
physical examination showed nothing remarkable. There was no albumin 
in the urine but microscopic examination disclosed the presence of many 
white blood cells singly and in clumps. Culture of the urine showed in- 
numerable colonies of non-hemolytic streptococcus Group D (Lancefield). 
Pyelograms made after intravenous injection of diodrast demonstrated slight 
dilatation of the upper two-thirds of the right ureter, and blunting of the 
upper calyx of the right kidney; these findings were confirmed by retrograde 
pyelography which failed to disclose a cause for the dilatation. White 
blood counts and erythrocyte sedimentation rates were within normal limits, 
and there was no fever. 

For a month in the hospital his systolic pressure varied from 170 to 118 
and his diastolic from 94 to 50 mm. Hg. Therapy with sulfanilamide, 
urotropin, and calcium mandelate failed to eradicate the infection, but 
resulted in lowering the number of colonies of bacteria in the urine to 
14 per cubic centimeter. When therapy was stopped, the number of colon- 
ies increased markedly. During the following year his blood pressure fell 
to normal levels when the infection was partially controlled, rising when 
the bacterial count in his urine was high. One year later he suffered two 
attacks of pyuria, with pain, nausea, and dysuria; his blood pressure again 
became further elevated during the acute episode. The same organism 
was found in his urine. The right ureter was therefore dilated by Dr. John 
Robinson in March, 1940; since then he has remained free of infection and 
his blood pressure has been normal. 

The patient was a rather tense, shy individual, emotionally unstable but 
extremely active in school. He was well liked by his classmates, and at- 
tained a position of importance in the direction of their activities. He had 
always blushed easily when emotionally aroused, worried too much about 
his responsibilities and often became depressed. He perspired excessively, 
and his hands and feet were continually cold and moist. His tendon reflexes 
were hyperactive. 

Snvnnary (Case 14). Arterial hypertension of slight degree 
became manifest coincidentally with infection of the urinary tract 
in a boy of 16, and was eventually controlled by relief of ureteral 
obstruction. There was hypertension in his family. He demon- 
strated signs of emotional and autonomic instability. 

Case 24. — M. W. was a 42-year-old physician, who first exhibited ele- 
vated blood pressure at the age of 32. His mother and one sister have slight 
hypertension. Between the ages of 23 and 38 he suffered 6 attacks of renal 
colic; 2 small calculi were passed. His blood pressure varied from 170 to 
to 144 mm. Hg systolic and 110 to 92 diastolic during 4 years’ observation. 
He was an overconscientious and serious-minded individual, but did not 
worry to excess in spite of having many reasons for so doing. He did not 
consider himself emotionally unstable, and controlled himself well. 

Imiportant findings on examination were confined to the kidneys. There 
was Ipilateral hydronephrosis, greater on the right, and a small calculus was 
seen in the lower calyx of each kidne 3 \ There was obstruction at the right 
uretero-pelvic junction. There was no flush to be seen, and perspiration 
was not excessive. No essential change in his condition has occurred. 
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ney was 4.1 % and the clearance of urea ■was 35%. Her blood pressure var- 
ied from 162 to 142 min. Hg systolic and 100 to 80 diastolic. It was slightly 
higher during the following 2 years. 

Su7}mary (Case 31). Arterial liypertension became manifest 
coincidentally with a severe emotional shock sustained during preg- 
nancy. "Toxemia” resulted. Right hydronephrosis and dimin- 
ished function of the left kidney were found 3 and 6 months later. 
The presence of infection was not established. 

Case 44.— C. R. was a 28-year-old clerk. Although his paternal grand- 
father died of apoplexy, there was no definite historj’- of Itypertension in his 
family. His blood pressure was said to have been normal until the age of 28, 
when his systolic pressure was 140 mm. Hg and his diastohc 90; 1 month 
later it had risen to 170 systohc and 100 diastohc, and 6 months later to 
190 and 115. He did not complain of symptoms. 

On examination there was nothing of importance to be made out. Renal 
function was normal and there were no abnoimalities in the urine. The 
heart was not enlarged in Roentgen ray photographs; the basal metabofic 
rate was —9% of normal. He appeared to be a quiet, well-controlled, 
rather stolid and unemotional indi'vidual, denying all nervous manifesta- 
tions. One week after discharge from the hospital he exhibited a typical 
attack of hysteria associated ■ndth an uncontrollable tic of his shoulders 
and arms which he admitted had been present before. Three months later 
he was found to be in a state of extreme nervousness, complaining of severe 
frontal headache and 6 months later these s5anptoms were unimproved. 
His s3^stolic pressure varied from 190 to 150 mm. Hg and his diastohc from 
120 to 88. He was sent to a psychiatric clinic for investigation; there he 
was considered to be suffering from psychoneiirosis (anxiety state). Treat- 
ment was instituted, and subsequently his systolic pressure returned to 
normal levels, although his diastolic remained between 100 and 85 mm. Hg 
for 3 5'-ears. 

Stimmary (Case 44). Arterial hypertension was associated with 
psychoneurosis, improving after psychotherapy. 

Case 45.— H. R. was a 30-3^ear-old designer. His blood pressure first 
became elevated at the age of 27. His maternal grandmother died of 
hypertension. Except for otitis media and pneumonia his past historj'' was 
uneventful. He had always been emotionally unstable, but usually re- 
mained outwardly calm during periods of intense internal excitement. 
Perspiration was profuse. He had suffered from frequent occipital head- 
aches for many j'-ears, usually brought on by excitement. 

Little of importance was made out on examination. A faint blotch}'- 
lilush was seen over the face and chest, and the extremities v'ere cool and 
moist. Renal function was normal, and there v'ere no abnormalities in the 
urine. Basal metabolic rate was —5%. The heart was not enlarged in 
Roentgen ray photographs, and his electrocardiogram was not unusual. 
Pyelograms after intravenous injection disclosed normal pelves and ureters. 
No bacteria, were found on culture of the urine. His systolic pressure was 
variable, with a range of 190 to 140 mm. Hg; his diastolic varied likewise 
from 120 to 90. 

. During 2 years’ observation it became obvious that he was extremely 
high strung and nervous. Somethnes he acted in an erratic fashion, and 
there were many marital and environmental adju.stments which he could 
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not make. He worked at several different trades, did well in all, but refused 
to remain at a job long enough to secure financial stability for his family. 
He finally left his wife, and w'ent to another part of the country. 

Simviary (Case 45). Arterial hypertension was associated with 
emotional instability in a maladjusted young man of some ability. 

Discussion. The cases reported probably represent instances of 
the earliest stage of arterial hj-pertension. E\'ery one exhibited at 
some time elevation of both systolic and diastolic pressures to a 
degree greater than the limits set by Hines.^ His and other studies'-® 
indicate that similar individuals often develop persistent arterial 
hypertension later in life. That renal disease w'as present in so many 
of them (74%) is further evidence of the part the kidneys play in 
arterial hypertension. Diseases of the kidnej's occurred too com- 
monly to be explained as coincidences: it is likely therefore that 
they are concerned with at least part of the cause of elevation of 
the blood pressure."® The absence of renal diseases in the remainder 
suggests that they were present but not demonstrable, or that 
arterial hypertension is the result of more than one condition. The 
latter explanation is more likely. 

From these and other studies it is possible to draw several tenta- 
tive conclusions. It is obvious that arterial hypertension is not a 
single condition resulting from a single cause, but is the result of 
several factors, one or more of which is dominant. There is little 
doubt, for example, that organic renal disease and hypertension are 
intimately associated. That fact emerges rvhen the state of the 
kidneys is e.xamined;"® but renal disease often exists when the blood 
pressure is normal. Contrariwise, arterial hypertension may occur 
without renal disease. Other factors need furthermore to be taken 
into account, such as the hereditary nature of hypertension- and the 
tendency to “nervousness” in In-pertensive individuals, for many 
years considered important. 

An attempt has been made here to separate those aspects that 
can be studied from those that cannot. The view taken is that one 
or more abnormal states is by chance found to affect individuals 
constitutionally predisposed. Most of the signs of this predisposi- 
tion can be referred to the nervous system. When an individual 
exhibits these signs, and subsequently develops renal disease, abnor- 
mal emotional reactions to his cindronment, or one of se\’eral other 
conditions, he becomes subject to hypertension. This conception 
docs not help to e.xplain the precise mechanism, but it does propose 
a direction for making e.xi)lorations. The fundamental defect, that 
of individual susceptibility— the “constitutional component”— 
remains “essential,” or unknown (agnogenie). 

In the light of this study it is possible to ascertain some of the 
pjfcc/.^ of hypertension usually regarded as being present in the more 
advanced stages of the disease as its necessary accompaniments. 
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For example, elevation of the blood pressure -itself either contributes 
to the usual state of “nervousness” often seen in hypertensive indi- 
viduals, or nervousness is anteeedent to that elevation. In the 
experience now reported increased nervous tension was knoAvn to be 
present in most of the patients before hypertension was discovered, 
and was associated with very little elevation of blood pressure after 
its discovery. This observation suggests that “nervousness” is 
concerned in the cause of hypertension. 

This study has been illuminating in that it has been possible to 
observe in a group of individuals believed to represent the early 
stages of a chronic disease, arterial hypertension, certain patho- 
logic and functional derangements with which later stages are asso- 
ciated. These derangements may therefore play a part in causation. 

Summary. Fifty patients exhibiting slight elevation of the blood 
pressure were studied with a view to ascertaining the varieties of 
clinical disturbance. Thirty-seven were found to be suffering from 
various diseases of the kidneys, and 1 1 others from dysfunctions of 
the nervous system. In addition, every patient exhibited nervous 
tension of some degree: In a few cases the onset of hypertension 
was associated with a definite phj’^sical or psychologic disturbance. 
It is probable in the light of this experience that arterial hypertension 
is the result of a number of factors, differing in different individuals. 
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EXPERIMENTAL CHRONIC HYPERTENSION IN THE RAT.* 
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Our generally accepted notions concerning the etiologt' and 
nature of chronic hypertension are based for the most part on 
experiments performed on the dog and on clinical observations on 
human patients. With the development of a relati^^ely simple and 

* Aided by gi-ants from John and Mary R. Marklo Foundation and from Mi'. Joe 
Werthan. 
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accurate method for the determination of the blood pressure of the 
rat {Mvs nonegiciis), it is possible to utilize the advantages which 
the use of this species offers to investigate man 3 ' problems not 
easily’- solved when the larger mammals or the human are the sub- 
jects of stud}^ A variety of procedures lead to the development 
of chronic hj'pertension in the rat and maj* be used convenientl.v 
in the investigation of various problems of experimental hj'per- 
tension. 

The Determination of the Systolic Blood Pressure. Sj'stolic blood 
pressures were determined on unanesthetized adult rats bj'^ the 
method previous^ described.* 

This procedure has proved accurate and. reliable in our hands. 
Several precautions, however, maj" be emphasized which must be 
taken into account to avoid errors. The rubber sleeve in the 
plethj'smograph must be neither too taut nor loose; otherwise the 
water manometer n'iU not respond to alterations of bloodflow in the 
tail. Bj" avoidance of undue tension or slack in the rubber, maxi- 
mum sensitivitj' is obtained and onlj^ minimal warming of the animal 
is necessar,y to give a good reading. Overheating of the animals is 
to be avoided. 

The same criteria are to be applied to the reading of the movement 
of water in the manometer connected to the plethj'smograph as are 
used in graphic methods for determining the blood pressure in man. 
The response of the plethj’smograph must be sharp and the move- 
ment of the column of water should continue when the mercurj' 
column is maintained at a point 5 to 10 mm. below the level at 
which the water column begins to move. 

If these precautions be observed and if overheating of the animals 
be avoided, accurate values are readil.v obtained and there is little 
chance of deception b^' too low values due to inadequate dilatation 
of the arteries in the tail or too high values induced bv overheating. 

Effects of Various Procedures on Blood Pressure. IMost of the rats 
used were of a piebald strain reared in the laboratory'. Some of a 
pure-bred Wistar strain were obtained from a commercial breeder. 

Hypertension has been induced by the following methods: I, hy 
the procedure of partial nephrectomy; 2, by the application of silk 
to the renal cortex; 3, by the application of a collodion capsule to 
the kidney; 4, bv the injection of a suspension of kaolin into the 
ci.sterna magna; 5, by the administration of e.xcessive doses of cer- 
tain steroidal compounds; and 6, by the administration of various 
nephrotoxic agents. In addition to the increased blood pressure 
following the above procedures, hypertension has been observed to 
occur in certain other rats. In some of these the presence of spon- 
taneous hydronephrosis probablj- accounts for the existing hyper- 
tension. Other animals had been subjected to various e.xperiment.'il 
diets and thc.se observations will be dc.scribed in a later communi- 
cation. 
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1. Partial Nephrectomy. The procedure of partial nephrectomy 
consists in ligating the poles of one kidney and removing the other, 
as described by Chanutin and Ferrisd This procedure suffers from 
the defect that it requires accurate estimation of the amount of 
renal tissue to be removed. If too mueh be extirpated, the animal 
suecumbs within a few weeks, due to the development of renal in- 
suffieieney or malignant hj^pertension or both. On the other hand, 
if too little tissue be removed, no appreciable elevation of the blood 
pressure results. 

The relial stump remaining after partial nephrectomy is fre- 
quently closely adherent to the surrounding viscera (liver, spleen) 
and large blood-vessels maj'^ be seen to be growing into the renal 
substance from its adherent tissues. This is particularly^ apt to 
occur if one amputates the poles of the kidney by cutting rather 
than by ligation, as recommended by Chanutin and Ferris. To 
avoid the formation of this collateral blood supply which may pre- 
vent the development of hypertension we have adopted the pro- 
cedure of cauterizing the cut surface of the kidney. 

Although used exclusively for our earlier studies, the method of 
partial nephrectomy has proved much less satisfactory than the 
application of silk to be described next. Attempts to induce hyper- 
tension by scarring the surface of the kidney, by the cautery, or by 
the application of escharotics (silver nitrate, tincture of iodine, 
phenol) proved futile. Mere destruction of the renal cortex is unsat- 
isfactory, since it either fails to induce hypertension or results in 
so much renal destruction as to induce a rapidly fatal renal insuffi- 
ciency. 

2. The Application of Silk. For the induction of chronic hyper- 
tension experimentally we have found the application of silk to be 
the procedure of choice. This method was first described for the 
dog by Page.® In applying it to the rat, the following method is used. 

A piece of silk* (the cloth commercially designated as “crepe” silk is 
best) is cut into oval shape. Four V-shaped pieces are cut out at each 
quadrant and a purse-string suture is passed around the edges (Fig. 1). 
The kidney is exteriorized through a lumbar incision, the capsule broken 
and pushed aside by gentle pressure with a gauze sponge and the silk 
applied (Fig. 1). The suture is drawn together and tied. Care must be 
taken to avoid obstruction of the ureter or renal pedicle. It is only neces- 
sarj’’ to apply the silk lightty. The application of the ligature just below 
the poles prevents the silk from slipping off when the kidnej'' is replaced in 
the abdomen. 

Except in rare instances where a rat has a spontaneous slightly 
elevated blood pressure prior to the procedure described above, it is 
necessary to apply silk to the other kidney in order to obtain perma- 
nent elevation of the blood pressure. This is done about 1 week 

*• Cotton cloth is equally satisfactory and has been substituted for the silk in oil 
our recent experiments. 
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following the first operation. Extirpation of the second kidney 
results, in many animals, in a rapidly developing malignant hyper- 
tension and death within a few weeks following nephrectomy. 
Where the more chronic type of hypertension is desired, the bilateral 
operation, as just described, is necessary. 

The above described procedure has proved satisfacton' in our 
hands. The use of cellophane instead of silk, as originally advocated 
by Page® in the dog, is rather cumbersome when applied to the rat 
and in our experience is unsatisfactory, due to the development of a 
“foreign-body” reaction with erosion of contiguous organs. The 
immediate mortality of the operation when using silk is low and if 
care be taken to avoid compression of the pedicle, the animal devel- 
ops hypertension gradually and remains in good health for some 
months. 



Fig. 1. — .Application of silk to the kidney. The drawing on the loft illustrates 
the manner in which the silk is prepared with a purse-string silk suture. On the 
right Is shown the appearance of the kidney with the silk applied. Note that the 
renal hilus is not compressed by the procedure. 


distinct rise in blood pressure following the application of silk 
bilaterally may be evident within 10 days following the second 
operation, but usually docs not occur until several weeks have 
elapsed. 

typical result following the application of silk is illustrated in 
Chart 1, which depicts the blood pressure curve of a single rat 
observed for more than 4 months. Except for the irregularit.v dur- 
ing the third week following the application of silk to the second 
kidney, the curve shows a uniform and gradual rise until just a few 
days before the death of the animal, when there is a precipitous pre- 
inortem drop. By the time the systolic pressure attains a level of 
206 nun., there is evidence of renal insufficiency, the animal develop.s 




EXPERIMENTAL CHRONIC HYPERTENSION IN THE RAT 77 

uremia, becomes anemic, loses weight and manifests a general state 
of debility in which if succumbs. 

The age of the animal is an important factor in determining the 
reaction of the rat to the application of silk to the kidneys, as well 
as to the procedures to be described next. Young animals, e^'^en 
after reaching maturity, react poorly and tend to develop uremia 
and malignant hypertension. Older animals (over 1 year of age) 
withstand the operations better and tend to develop a chronic form 
of hypertension. 
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Chart 1. — Variations in the systolic blood pressure of a rat following the applica- 
tion of silk bilaterally. The arrows indicate the application of the silk with an 
interval of 5 days between the operations on the two kidneys. Note the temporary 
elevation which occurred about 3 rveeks following the operation with the subsequent 
remission. After 6 W'ceks the blood pressure curve remains at a hypertensive level, 
rising gradually over a period of 5 months w'hen it drops precipitously before the death 
of the animal. 

•3. The AiipHcation of a Colhdion Capsule. Another satisfactory 
procedure for inducing hypertension in rats consists in applying a 
coat of collodion to the renal cortex. This may be done by covering 
the decapsulated .kidney with a single layer of ordinary surgical 
gauze and applying collodion.* The kidney should remain exterior- 
ized for several minutes until the solvent evaporates from the solu- 
tion of collodion, leaving a white firm coat on the kidney. 

A collodion capsule may also be applied using silk, as described 
in the preceding section. For this purpose silk of the type used in 

* The use of collodion was suggested to us in a conversation wdth Dr. W. Dock. 
(Sec also Page, E. W., Patton, H. S., and Ogden, E.; Am. J. Obst. and Gjmec., 41, 
53, 1941.) 
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the manufacture of women’s stockings is desirable. The collodion 
is applied after the silk has been tied over the kidne}"^ in the usual 
manner. 

The application of collodion to the kidney results in more exten- 
sive injury to the organ than when silk alone is applied. Removal 
of the second kidney is usually followed by a rapid elevation in 
blood pressure and death of the animals in a short time. A number 
of animals develop hypertension following a unilateral operation. 
In those which fail to develop hjT^ertension in the course of 6 to 
10 weeks, the application of silk alone (without collodion) to the 
other kidney will usually result in hj’pertension. 

4. Other Procedures. Partial occlusion of one renal artery with 
removal of the kidney on the opposite side, as suggested by Rytand,^ 
has not proved entirely satisfactory in our hands. It is difficult to 
estimate the degree of occlusion in such a way as to avoid the death 
of the animals from acute renal insufficiency by too tight a ligature 
or failure of hj’pertension to develop if the ligature be applied too 
loosely. The method of Drur5',- which was devised for the rabbit, 
was also unsatisfactory when applied to the rat, leading usually to 
acute renal insufficiency and death of the animals within a few weeks 
following the removal of the hj-pertrophied kidney. 

Hj'pertension has occurred spontaneously only very rarely in our 
colony of animals. Its incidence in young animals is less than 1%. 
The production of hj’pertension bj' manipulation of tlie animal’s 
diet will be described in detail in a separate publication. 

The hj^pertension which follows injection of kaolin into the 
cisterna raagna has been described by Griffith and his collaborators.* 
The induction of h.^-pertension by steroids has also been previously 
described 

In view of the variety of substances which are available for pro- 
ducing renal damage, it was thought that some of these might 
incidentally also induce In-pertension. This procedure has, in 
general, not proved satisfactory in our hands. We ha\’e adminis- 
tered a number of agents which induce renal injury (bichloride of 
mercury, uranium nitrate, cantharides, lead nitrate, various sulfona- 
mide derivatives, and so on) in doses which were fatal to only 10% 
to 20% of the animals. In only approximately 10% of all animals 
in which marked renal damage had been produced did a moderate 
degree of h\'pertension develop. This result is compatiljle with the 
^•iew that renal damage alone does not result in h}T)ertension but 
that a specific portion of the nephron must be aft'ected before hyper- 
tension develops. This point of view will be dealt with more fully 
in a separate communication. 

Discussion. TJie procedures outlined afford a means of inducing 
hypertension by what apjjears superficially to be a variety of unre- 
lated agencic.s. There would thus appear, offhand, to be little con- 
nection between the hypertension resulting from injecting kaolin 
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into the cisterna, the feeding of sterols, and the application of silk to 
the kidney. Nevertheless, as discussed elsewhere,® there is evidence 
which suggests that all of these procedures may act directly or, 
indirectly through the kidney and thus give rise to hypertension 
of renal origin. 

For practical purposes the bilateral application of silk is, in our 
experience, the optimal method for inducing chronic hypertension. 
By this procedure, mortality is slight and the resulting hypertension 
is of long, duration. With more intensive procedures, the hyperten- 
sion resembles that of malignant hypertension, as observed in man, 
the blood pressure rising to very high levels in a period of several 
weeks and the animal rapidly succumbing in uremia. 

Summary. A A^ariety of procedures are outlined by which it is 
possible to induce chronic hypertension in the rat. The most practi- 
cal of these procedures consists in applying silk to the kidneys. 
This is accompanied by relatively low operative mortality and usu- 
ally results in a permanent elevation of pressure to hypertensive 
levels. The blood pressure responses to various other operative 
procedures oh the kidnej'^s are described. 
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The observation that atherosclerosis occurs commonly in indi- 
viduals dying of renal disease is generally accepted. Ophiils®" re- 
ported that in a group of 155 autopsies of cases of chronic lesions in 
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the kidney, 93% had definite and frequently marked atherosclerosis. 
Likewise, more recent studies by Fishberg^ and by Addis and Oliver’ 
report a similar incidence. One of the postulated factors as an 
explanation for the almost constant coexistence of the two processes 
is the elevation in serum cholesterol which may occur during some 
stage of the renal disease.^’® In view of the great frequency of 
atherosclerosis in individuals over the age of 40 years, it was" felt 
desirable to determine first the incidence of atherosclerosis in young 
persons dying of renal disease and, second, the frequency and the 
extent of elevation of the serum cholesterol in such patients. 

Material. Two groups of patients were studied. In the first, the clinical 
records and autopsj" protocols of 54 patients under the age of 40, who had 
died of subacute or chronic glomerulonephritis at the Presbyterian and 
Babies’ Hospital during the past 10 years, were e.\-amined. The incidence 
of these two types of renal disease in this group was as follows: chronic 

„i <-7 -‘.istances, subacute glomerulonephritis in 7. The 

values were tabulated. The degree and extent 
of gross aortic and coronarj' -atherosclerosis as noted by the pathologists 
was recorded and subdivided into three classes: mild, moderate, and 
marked. Mild atherosclerosis was considered to be present if several small, 
raised, yellow plaques were visible in either the aorta or coronary arteries. 
Marked atherosclerosis was designated to include widespread, numerous 
lesions. Moderate atherosclerosis was considered to fall between these two 
e.vtremes. 

In the second group, the case records of 18 patients with chronic glomeru- 
lonephritis who were being closely obsen'ed at the Research Sendee, First 
Division, 'O^el/are Hospital over periods up to 2 years were examined and 
the serum cholesterol determinations tabulated. In this stud 3 ' all of the 
cholesterol determinations were done on serum bj' the method of Bloor, 
Pelkan, and Allen- except 8 patients in Group I under the age of 10 years 
in whom the method of Schoenheimer and Sperry' was used. In the first 
group, cholesterol determinations had not been done frequentlj’ and values 
were available in only .30 of the .54 cases. 

In the second group of patients chole.sterol determinations were made at 
approximately monthly inten-als. The number of recorded values in each 
of the {latients varied from 4 to 23, averaging 8 for the group. 

Occurrence of Gross Atherosclerosis. An analysis of tlie pathology 
protocols of the 54 patients in the first group, individuals age _1 
through 39 dying of renal disease, revealed that gross atherosclerosis 
of the aorta occurred in .52 instances, or in 90% of the group. Cor- 
onary atherosclerosis was recorded in .38 instances, or in 70% of the 
group, f'oronarv atherosclerosis was not present in the absence of 
at least mild aortic lesions. Table 1 reveals the incidence and 
extent of gro.ss aortic and coronary athero.sclcrosis in the patients 
of this group who were .subclassificd according to age into the four 
decaflcs. It is of interest tiiat gross mild to moderate aortic athero- 
sclerosis was present in 7 of the 8 individuals in the age group 
! to 9 years. Xo coronary lesions were observed in this group. 
However, in the next three decades, coronary atherosclerosis was 
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almost as prevalent as aortie atherosclerosis. The lesions were more 
widespread and frequently of greater magnitude in the third and 
fourth decades (see Table 1). 

Table 1. — Occuhkence of Ghoss Aoktic and Coronary Atherosclerosis in 
Group I (54 Patients, Age 1 to 39, Dying of Chronic Glomerulonephritis) . 


Age groups (in years) ; 

0 - 9 . 

10 - 19 . 

20 - 29 . 

30 - 39 . 

Total. 

%. 

Number of patients 

8 

7 

18 

21 

54 


Aortic atherosclerosis . 

7 

6 

18 

21 

52 

96 

Mild 

4 

3 

3 

5 

16 


Moderate .... 

3 

3 

12 

12 

31 


Marked 

0 

0 

3 

4 

7 


Coronary atherosclerosis . 

0 

5 

16 

17 

38 

70 

Mild 

0 

3 

7 

7 

17 


Moderate .... 

0 

2 

8 

8 

18 


Marked 

0 

0 

1 

2 

3 



The prevalence of atherosclerosis of the aorta and coronary artery 
in this group may be compared with the incidence of lesions in 
54 patients in the same age groups selected at random from the 
autopsy records (Table 2). 

Table 2. — Occurrence of Gross Aortic and Coronary Atherosclerosis in a 
Control Group of 54 Patients Comparable in Age to Group I. 


Age groups (in years) : 

0-9. 

10-19. 

20-29. 

30-39. 

Total. 

%■ 

Number of patients 

8 

7 

18 

21 

54 


Aortic atherosclerosis . 

0 

■ 1 

6 

12 

19 

35 

Mild 

0 

1 

5 

8 

14 


Moderate .... 

0 

0 

1 

4 

5 


Marked . ' . 

0 

0 

0 

0 

0 


Coronary atherosclerosis . 

0 

1 

2 

8 

11 

19 

Mild 

0 

1 

2 

6 

9 


Moderate .... 

0 

0 

0 

2 

2 


Marked 

0 

0 

0 

0 

0 



The only persons excluded from this sampling were those dying 
of renal disease comparable to Group I. An analysis of the autopsy 
protocols of the control series revealed that gross aortic athero- 
sclerosis was present in 19 individuals, or in 35% of the group. 
Gross coronary atherosclerosis was recorded in 11 instances, or in 
19% of the 54 patients. 

The difference between the two groups is more striking in the first 
two decades sinee atherosclerosis was present in 14 out of 15 instances 
jn Group I, in contrast to only 1 of the 15 in the control group. In 
addition, the degree of lipoid infiltration, when present in this group, 
is less marked than in the Group I patients dving of renal disease 
(Table 2). 

Semin Cholesterol Values in 54 Patients With Gloniemlonephritis 
{Group 1). Serum cholesterol determinations were recorded in 30 
of the 54 patients in Group I. A total of 77 determinations had 
been made. In 1 1 of the individuals, 3 or more determinations were 
available. In 17 of the 30 patients, the serum cholesterol value 
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exceeded 300 mg. per 100 cc., in 11 the value exceeded 400 mg. per 
100 cc., and in 7 the value exceeded 600 mg. per 100 cc. The fol- 
lowing abstract is characteristic of the cases that were followed over 
long periods of time. 

Ca^ 1.— E. D., a white schoolgirl, aged Hi years, entered the Babies’ 
Hospital on July 16, 1937, with the history of pallor and generalized edema 
of 4| months’ duration. In the past histors’-, the patient liad had tonsils and 
adenoids removed at the age of 2i, and scarlet fever at the age of 8 years. 
Subsequent urine examinations were negative. Onset of the present illness 
was preceded by an upper respiratory infection, i. e., “stuffy nose” and 
sore throat. Swelling of eyelids first appeared and then became generalized. 
Urine examination showed albumin, red blood cells, white blood cells, and 
casts. Edema gradually became worse in spite of fluid restriction and the 
patient was admitted to the hospital. 

On physical examination, the patient was very pale and had generalized 
anasarca. She was alert, cooperative, and not uncomfortable. The tem- 
perature was 99.8° F., the pulse rate 90, respiratory rate 20, and the blood 
pressure 160/110. There was a moderate thickening of both mid-turbinates 
with a mucopurulent discharge. In the fundi the arteries were constricted 
and the nerve head slightly elevated. The lungs were clear. The heart 
was normal. In the abdomen, shifting dullness was present. No masses 
or organs were felt. There was no hunphadenopathy or abnormal neuro- 
logic findings. 

Laboratorj' data on admission revealed red blood cells 3,350,000, hem- 
globin 11.9 gm. per 100 cc., white blood cells 13,000 with 69% neutrophils. 
The urine wms straw-colored, cloudy, with a specific gra^uty 1.022, albu- 
min 4-f , and the urinary sediment contained red and white cells with 
granular and hyaline casts. The blood urea nitrogen was 10 mg. per 100 cc., 
tlie total serum proteins 3.35 gm. with albumin 1.52 and globulin 2.05 gm. 
per 100 cc. Six serum cholesterol determinations were recorded. On 
March 17 the serum cholesterol was 689 mg,, on April 3, 717 mg., on April 13, 
724 mg., on Maj' 3, 686 mg., on June 2, 611 mg., and on June 28, 280 mg. 
The patient ivas placed on a high protein diet, low in salt, with fluids 
restricted to 1000 cc. daily. 

She felt fairly well nith edema moderately well controlled by diuretics 
until June 24, when chills and fever developed with signs of peritonitis. 
Blood and abdominal fluid culture revealed pneumococcus Tjq)e XITH. 
The patient gradually failed and died on June 29. 

On postmortem examination the following disposes were made: 1, 
Chronic glomerular nephritis; 2, anasarca and ascites; 3, cardiac hj'per- 
trophy, mild; 4, septicemia; 5, peritonitis; 6, atheromata of aorta and cor- 
onarj" arteries. The gross lesions in the aorta and coronar}' arteries were 
elevated, yellow atheromatous patches. These were present in the anterior 
descending branch of the left coronarj- and in the right coronarj- arterj’ ns 
well as in the aorta. These lesions were especially numerous just above the 
sinuse.s of Valsalva. 

.SVrtn?) C/iofcxfcro/ I'aluc.i in IS Pafients P'ith Chronic Glomcriilo- 
ncpbrUic Xou' Being Observed (Group II). The serum cliolcstcrol 
values in the IS patients with chronic glomcrulonepliritis (Group 11) 
arc compiled in Table 3. In each of the individuals, the total num- 
ber and range of serum cholesterol determinations, together with 
the number of values above and below 400 ing. per 100 cc. are 
recorded. In 17 of the 18 individuals the high cholesterol value 
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exceeded 400 mg. per 100 cc., and in 10 of the 18 the high value 
exceeded 600 mg. In contrast, the low serum cholesterol value for 
each patient varied from 167 to 450 mg. per 100 cc. In 9 of the 
individuals the low value was less than 300 mg. 


Table 3.— Sebum Cholestebol Values in 18 Patients With Chronic 
Glomerulonephritis (Group II). 


No. of No. of Range of 

determinn- determina- serum chol., 
No. of tions over tions under mg./ 100 cc. 


Pt. 


Ae.e. 

Sex. 

determina- 

tions. 

400 mg. 
per 100 cc. 

400 mg. 
per 100 cc. 

High. 

Low. 

A. L. . 


14 

M 

5 

2 

3 

440 

375 

H. B. . 


24 

F 

19 

10 

9 

537 

292 

S. R. . 


26 

F 

6 

0 

0 

610 

450 

.1. T. . 


25 

M 

6 

3 

3 

1000 

317 

A. P. . 


17 

F 

12 

0 

12 

339 

107 

E. B. . 


23 

M 

10 

3 

7 

610 

225 

H. R. . 


25 

M 

5 

3 

2 

458 

384 

A. A. 


28 

F 

4 

1 

3 

438 

251 

C. M. . 


41 

M 

4 

3 

1 

450 

355 

A. H. . 


51 

M 

6 

4 

2 

948 

274 

W. E. . 


17 

M 

5 

3 

2 

807 

305 

P. B. . 


30 

M 

5 

4 

1 

617 

370 

.1. W. . 


21 

F 

5 

2 

3 

400 

300 

D. G. . 


20 

M 

4 

2 

2 

792 

397 

H. P. . 


17 

F 

23 

2 

21 

417 

250 

D. L. . 


20 

M 

4 

1 

3 

447 

255 

A. R. . 


36 

M 

13 

7 

0 

730 

310 

E. T. . 


41 

F 

12 

10 

2 

710 

297 

Total 




143 

77 

66 




(Normal values, variously given, range about 140-300 mg. per 100 cc.) 


It is evident from Table 3 that if only isolated determinations of 
serum cholesterol had been made, a number of instances of significant 
hypercholesterolemia would not have been observed, for in 66 of 
the 143 determinations the value obtained did not exceed 400 mg. 
per 100 cc. The period of hj^percholesterolemia was associated in 
most instances with an edematous phase of glomerulonephritis. 
From clinical observation of these patients over long-term periods 
it was observed that when the edema subsided, the serum cholesterol 
values fell towards normal levels. 

Discussion. Atherosclerosis has been found to occur in 96% of 
the individuals (age: 1 through 39 years) djdng of renal disease in 
the group studied, in contrast to 35% in a control group with the 
same age distribution. This difference between the groups is more 
striking when compared with the incidence of atherosclerosis ob- 
tained by Ophuls^*' in a statistical survey of 3000 autopsies. This 
author reported only a few scattered cases during the first two 
decades, 3.5% during the third decade, and 9.2% during the fourth 
decade. The greater incidence of atherosclerosis in the control 
group as compared to this large series may be exjjlained in part by 
the interpretation of the presence of atherosclerosis. If several 
raised, yellow, intimal lesions were present in either the aorta or 
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the coronary arteries, this was regarded as sufficient for a diagnosis 
of mild atherosclerosis. 

It has also been shoMTi in the above data that hypercholesterolemia 
almost invariably occurs in patients with chronic glomerulonephritis 
during some stage of the disease process— particularly in association 
with the nephrotic stage. Liket\’ise there is considerable fluctuation 
in the serum cholesterol levels in these patients in contrast to normal 
individuals in whom the cholesterol level has been found to remain 
relatively constant over long periods of time.®"'® The hypercholes- 
terolemia, which occurs in other diseases, namely myxedema and 
poorlj' controlled diabetes, is likewise associated with a high inci- 
dence of atherosclerosis. It seems possible, therefore, that the eleva- 
tion in serum cholesterol which occurs in renal disease is one of the 
factors responsible for the development of aortic and coronary 
atherosclerosis. 

It has also been demonstrated that atherosclerosis has occurred 
with great frequency in a young age group, in which atherosclerosis 
ordinarily is relativel\- rare. For this reason, the etiologic signifi- 
cance of senescence which is so frequently considered paramount in 
the development of atherosclerosis can be depreciated, at least as 
far as the present study is concerned. 

Conclusions. 1. Fifty-two of 54 patients (96%), aged from 1 
through 39 years, dying of chronic glomerulonephritis, had gross 
aortic atherosclerosis. In 38 (70%) of these patients, gross coronary 
atherosclerosis was present. 

2. Serum cholesterol values in 30 of these 54 patients exceeded 
300 mg. per 100 cc. in 17. In 12 of these individuals the value 
exceeded 400 mg. per 100 ce. 

3. Serum cholesterol studies have also been carried out in a 
group of 18 patients with chronic glomerulonephritis observed over 
periods up to 2 years. Hypercholesterolemia was present in all of 
the group on one or more occasions. In 1 7 of the 18 patients the 
cholesterol value exceeded 400 mg. per 100 cc. In 10 of these the 
value exceeded 600 mg. per 100 cc. 

The authors are indebted to the Department of Pathologj- of tlic Presbyterian 
and Bailies' Hospitals for the privilege of using their records. 
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By Paul H. Langner, Jr., M.D., 

ASSISTANT MEDICAL DIRECTOR, PROVIDENT MUTUAL LIFE INSURANCE COMPANY; 

ASSISTANT INSTRUCTOR IN MEDICINE, SCHOOL OF MEDICINE, UNIVERSITY 

OF PENNSYLVANIA, 

AND 

Ernest J. Dewees, M.D., 

MEDICAL DIRECTOR, PROVIDENT ’mUTUAL LIFE INSURANCE COMPANY, 
PHILADELPHIA, PA. 

(From the Medical Department of the Provident Mutual Life Insurance Company 
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In the course of performing 160 2-dose, 1-hour glucose tolerance 
tests (Exton-Rose^“ procedure) it seemed that this test was more 
sensitive than the conventional 1-dose test. It is the purpose of 
this paper to present selected instances where the 1-dose, 2-hour 
and the 2-dose, 1-hour glucose tolerance tests were performed on the 
same individual in order to determine the relative merits of the two 
tests and evaluate proposed criteria for their interpretation. 

A' review of the literature reveals three papers dealing with a 
comparison of the 2-dose and the 1-dose tests. 

Kelly, Beardwood, and Fowler® found the two tests to be in close 
agreement and cite only 2 cases out of 50 where disagreement oc- 
curred when both tests had been performed in the same individual. 
These authors place their reliance in the 2-dose, 1-hour test. Young^® 
studied 4 individuals with presumably normal carbohydrate metab- 
olism and found the 2-dose test to be abnormal in each instance 
whereas the conventional 1-dose test resulted normally. He felt 
that the 2-dose test was in error. Brown^ reported the results of 
both tests performed in each of 24 subjects. He considered the 
two tests to be equally accurate. 

Methods. Individuals were selected upon whom we had obtained 
borderline or slightlj’’ abnormal 2-dose tests, that is, a 1-hour blood sugar 
value of 160 mg. per 100 cc. or more by the analytical method of Folin and 
Malmros.^ At the time of study none of the group was overweight, arterio- 
sclerotic, or suffering from an infection. As far as could be determined, 
no other factor which might haA'^e influenced the glucose tolerance was 
operative. All of the individuals used in this study except Cases 13 and 14 
are well known to us and have had other studies of their glucose metabolism 
made. Three individuals were known to haA'-e had glycosuria Avith a nor- 
mal glucose tolerance for a number of years. All of the subjects studied 
Avere in good health and Avithout past historj’- or symptoms of diabetes 
except in Cases 6 and 16, Avho Avere suspected of haAdng latent diabetes. 
Care AA^as taken to proAude for an adequate antecedent diet since it has been 
shoAvn by SAveenej'’,*'* Conn- and others that antecedent diet markedlj'- affects 
glucose tolerance, and b 3 ’’ SAveenj’^, Muirhead and Allda}"’* and Langner and 
Fies'‘’“ that a diet inadequate in carbohjidrates influences the 2-dose test 
as Avell as other glucose tolerance tests. 
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These selected indhdduals were also subjected to the conventional 1-dose, 
2-hour technique in which a single dose of either 50 or 100 gm. of glucose 
was administered (Table 1). Our criterion for a normal response to this 
test requires that the fasting blood sugar shall be less than 120 mg, per 
100 cc., the ^hour value shall be 180 or less, and the 2-hour value for 
A'enous blood sugar shall be 120 mg. per 100 cc. or less. These criteria are 
commonly used in insurance practice. Even if the critical 2-hour level is 
reduced to 110 mg. per 100 cc. it would not cause any difference in the 
interpretation of the results in Table 1. For a discussion of these criteria 
we refer the reader to McCrudden,” Joslin,* Exton and Rose,'*® and Watson.*' 

Both tjqjes of glucose tolerance tests were performed in the morning 
after an overnight fast. In 10 of the cases we were able to obtain simulta- 
neous samples of capillary blood from the finger and venous blood from the 
antecubital vein. In these cases duplicate determinations were performed 
on each sample of capillary and upon each sample of venous blood by the 
method of Folin and Mahnros. The .average of the duplicates in each 
instance is recorded in Table 1. In the other 6 subjects only capillar^' or 
only venous blood was obtainable as will be seen upon consulting Table 1. 

Criteria for the Interpretation of the 2-Dose, 1-Hour Glucose Toler- 
ance Test According to the criteria of Exton and Rose,'*^ a normal 
response required; 1, a normal fasting blood sugar; 2, a rise which 
did not exceed 75 mg. per 100 cc. in the |-hour specimen; and 3, 
a l-hour blood sugar value which did not e.xceed the j-hour ^•alue 
by more than 10 mg. per 100 cc. We feel that their criteria were 
too strict in limiting the allowable rise during the second |-hour to 
10 mg. per 100 cc. 

Gould, Altshuler, and Mellen* showed that a 30 mg. per 100 cc. 
rise could occur during the second f-hour in a normal individual. 
Their other requirements were a normal fasting blood sugar level 
and a rise during the first f-hour not in excess of 50 mg. per 100 cc. 
These authors concluded that if at least two or the three require- 
ments were fulfilled the individual could be considered as normal. 

Cooperstock and Galloway® found that in normal children a total 
rise of 80 mg. per 100 cc. could occur in 1 hour when capillary blood 
Avas employed. 

^Matthews, hlagath and Berkson*® found that the l-hour blood 
sugar value served as the most useful criterion and they did not 
depend upon the rise or fall pattern of the curve. Their critical 
level was established as 158 mg. per 100 cc. at the end of 1 hour 
when samples of venous blood were obtained and analyzed by the 
method of Folin and Wu. Below' this level none of the indiA'iduals 
studied were diabetic. Wien the hour blood sugar level was be- 
tween 100 and ISO mg. per 100 cc. the case was considered borderline 
since blood sugar values in 5.1% of normals and 7.7% of very mild 
diabetics studied by these autliors fell into this range. Wien the 
l-hour value was in excess of ISO mg. per 100 cc. all the individuals 
observed proved to be diabetic. 

We accepted the critical l-hour level of IMatthews el al.'^^ because 
it diagnosed all of our causes of diabetes correctly, wdiereas the 
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criteria of Gould et aV failed to make the correct diagnosis of dia- 
betes in 4 cases observed by us. The highest 1-hour value in our 
series obtained in the ease of a presumably normal individual was 
192 mg. per 100 cc. 

Table 1. — Comparison of Borderline Glucose Tolerance Tests. 



Conventional 1-dose, 2-hour technique. 

Exton-Rose 2-dose, 1-hour technique. 








Glyco- 






Glyco- 




Fasting, 

i-hour. 

2-hour, 

8uria, 


Fasting, 

•i-hour. 

l-hour, 

suria, 


Sub- 


mg. per 

mg. per 


at 2 hr. 


mg. per 

mg. per 

mg. per 

at 1 hr. 


ject. 

Date. 

100 cc. 



%. 

Date. 




%. 

1 

L. D. 


V 

i 


GO 

3.0 

7- 3-41 

V 

i 

163 

180 

4.0 




G 

m 


00 



c 

II 

190 

230 



J. G. 

5-27-41 

V 

112 

180 

102 

1.5 

6-17^1 

V 

117 


175 

2.5 




c 

112 

200 

107 



c 

115 


225 


3 

J.S.P. 

4-28-41 

V 

113 

175 

100 

Neg. 

4-24^1 

V 


152 

192 

Neg. 




c 


190 

95 



c 


154 

222 


4 

J. R. 

8- 1-41 

V 

85* 

125 

105 

0.5 

7-30^1 

V 

98 

135 

KIWI 

No report 




c 

95* 

145 

95 



c 

93 

142 

mi 


5 

E.B. 

G- 2-41 

V 

97 

176 

123 

1.0 

C-23-41 



170 

RIBB 

2.0 




c 


190 

123 





173 



G 

H. R. 

8-11-41 

V 

102* 

17C 

189 

5.0 

6-1G-41 

v 

92 

IR 

166 

1.0 




c 

97* 

198 

197 



c 

95 


178 


■ 



V 

88* 

155 

105 

Neg. 

8-27-41 

V 

88 


IR 

0.5 

■1 



c 

li 

ICS 

112 



c 

88 


H 


8 

H. L. 

G-lMl 

V 

R 


125 

Neg. 

8-25^1 

V 

95 

152 

175 

Neg. 




c 

H 

104 

145 



c 


165 

182 


9 

J. P. 

8-28^1 

V 

B!8 

150 

95 

Ncg. 

9- 4-41 

V 

85 

IR 


Neg. 




c 


186 

115 



c 



181 


10 

R. G. 

11- 6^1 

V 

98* 

173 

115 

0.5 

10-30-41 

V 

82 

n 

175 

0.3 










c 

85 

IR 

210 


11 

R. 0. 

10-1&-3G 

V 

85 

175 

100 

No report 

4- 2-35 

c 

125 

225 

235 

■9 









6-25-36 

c 

92 

148 

160 


12 

K. B. 


c 

MM 

145 

75 

Neg. 



85 

185 













97 

160 

n 

■■ 



11- 2-40 

V 

82* 

IR 

81 

Neg. 

10-29-40 

c 

97 

130 

173 

Neg. 




c 

86* 


114 











D 

87* 

m 

72 

Neg. 

11-27-36 

c 

95 

155 

180 

Neg. 

15 

A. B. 

2-14-35 

c 

97 

137 

106 

Neg. 

2- 7-35 

c 

112 

145 

187 

Neg. 

IG 

D. C. 

5-30^0 

V 

132 

156 

176 

No report 

5-22-40 

c 

110 

150 

175 

2.0 


V = venous blood glucose value, c = capillary blood glucose value. 

’ These subjects received 100 gm. of glucose in 325 cc. of ivater. All others received 50 gm. in 200 cc. of water. 


Interinctation of Cainllary Blood Values. Frequently in life 
insurance practice and in some clinical laboratories, capillary blood 
is employed instead of venous blood. We use venous blood by 
preference but the results obtained on capillary blood are included 
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in this paper as a matter of interest in some cases and because 
only capillary blood values were available in other cases. 

The interpretation of results obtained on capillary blood is difH- 
cult, as one can surmise from the studies of Foster® and others, and 
it has been shown by Langner and Fies^”® that when the results are 
not within normal limits, 2-dose tests on capillary blood may be 
misleading due to the unpredictable capillary-venous difference. 
This difference may be negligible or it may be over 50 mg. per 
100 cc. This variation is not consistent and cannot be taken into 
account by any formula or selected conversion figures. Figure 1 



0 30 60 90 120 

TIME IN MINUTES 

Each arrow indicalcs the ingestion of 50 gm. of glucose. 

Flo. 1.— Capillarj'-vcnous differonco during the Exton-Roso procedure. 

is included to illustrate the significant difference which may occur 
between .simultaneous capillary and venous blood sugar values dur- 
ing tile 2-dose te.st. Too often, tlic .source of blood, wiicther it lie 
ca])illary or venous, is not taken into account despite tlie fact that 
this may make a great deal of difierence in the interpretation of 
results. 

Results. In Table 1, even if one discounts the results obtained 
on capillary blood as misleading or unreliable, there are comparative 
ficures on venous blood (designated v in Table 1) for each type of 




LANGNER, DEWEES : ORAL GLUCOSE TOLERANCE TESTS 89 

glucose tolerance test. Let us confine our attention to the venous 
blood sugar values for the 2-dose test in the first 10 cases. Accord- 
ing to the criterion of Matthews et alJ^ 2 subjects would be consid- 
ered diabetic, 8 borderline, and none normal. According to the 
criteria of Gould et al.~ all 10 individuals would be considered nor- 
mal. According to the 1-dose test 7 subjects would be considered 
normal, 2 borderline, and only 1 diabetic. This comparison is sum- 
marized in Table 2. 

Table 2. — Summahy and Interpretation of Results in Cases 1 to 10 


IN Table 1. 

Normal. 

Borderline. 

Abnormal. 

1-Dose Test. 

Venous lilood sugar values 

7 

2 

1 

2-Dosc Test. 

Venous blood sugar values — criteria of Matthews 
et at 

0 

S 

2 

Venous blood sugar values — criteria of Gould 
et al 

10 

0 

0 


In the last 6 cases of Table 1 only capillary blood sugar values 
are available for the interpretation of the 2-dose test. From our 
experience with capillary blood we would consider the first 2-dose 
test performed upon R. 0. to be borderline, whereas the later test 
is normal. The tests in Cases 12 to IG are all in the borderline 
range. According to the 1-dose test. Cases 11, 12, 13, 14 and 15 
are clearly normal while Case 16 is diabetic. Case 15 (A. B.) first 
observed in 1935 (Table 1) is now a diabetic requiring insulin. 
Case 16 (D. C.) since his borderline 2-dose test in 1940 (Table 1) 
has been considered to be a mild diabetic. 

To summarize the results we may say that in 3 out of 16 cases a 
borderline 2-dose test has accurately diagnosed diabetes; in 2 of 
these instances the 1-dose test was in agreement. In 13 cases an 
abnormal or borderline 2-dose test has occurred in presumably 
normal individuals; in 2 of these instances the 1-dose test was also 
borderline. 

In 4 instances of borderline 2-dose tests we have augmented the 
test by giving a third dose of 50 gm. of glucose at the end of 1 hour. 
A representative result is depicted in Figure 2. In each instance a 
fall of the blood sugar value occurred following the third dose of 
glucose. It is highly probable, however, that the third dose of glu- 
cose has little or no influence on the configuration of the cur^'e, in 
view of the fact that Warren, Karr, Hoffman, and AbbotT*^ found 
the maximum rate of absorption of glucose from the gastro-duo- 
denal unit to be 43.2 gm. per hour and usually it was considerably 
less than this. The first two 50-gm. doses in our 3-dose test would 
have been more than adequate to supply all the glucose that could 
have been absorbed in 2 hours so that the third 50 gm. would not be 
expected to cause additional absorption. 
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A second glucose tolerance curve is depicted in Figure 2 in which 
the Exton-Rose procedure is extended for 2 hours without the giving 
of a third 50 gm, of glucose. It will be seen that the two curves in 
Figure 2 are very similar whether 2 or 3 doses of glucose are given. 
This is not surprising since MacLean and de Wesselow^^ found that 
additional large doses of sugar given during the height of absorption 
failed to raise the blood sugar above the previous level. A pertinent 
question to which we plan to devote further study is a comparison 
of the effect of giving glucose in a single dose of 100 gm. or in divided 
doses upon the configuration of the resultant curves in the same 
individuals. 

Comments. The results presented indicate that the 2-dose glu- 
cose tolerance test of Exton and Rose is usually more sensitive than 
the 1-dose test. We may draw one of two conclusions: either the 
2-dose test is more accurate than the 1-dose test in detecting poten- 
tial diabetes, or the 2-dose test is oversensitive and may be used as 
an exclusion test but in borderline cases should be rechecked by 
performing a conventional 1-dose test. 

At this point we are inclined to believe that the 2-dose test of 
Exton and Rose possesses greater sensitivity but that the conven- 
tional 1-dose test is more specific for diabetes. 

We have accepted the criterion of Matthews et al}^ in interpreting 
our studies on the 2-dose test. Their criterion is more sensitive but 
less specific than the criteria of Gould et aV We think it is wise to 
err on the side of safety and accept the more sensitive criterion. 
In accordance with this point of view, any individual with 1-hour 
blood sugar value in excess of 160 mg. per 100 cc. by the analytical 
method of Folin and Malmros or by the method of Folin and Wu 
should be suspected of having diabetes until proven otherwise. It 
is apparent from our study that there is a borderline range between 
160 and 190 mg. per 100 cc. where the results may indicate either a 
normal state or diabetes; in this range prolonged observation may 
be necessary. 

It is obvious from the results of the above discussion that the 
incidence of disagreement between the 2-dose and the 1-dose tests 
will depend partly upon the criteria used in interpreting these tests. 
Had we adopted the criteria of Gould et al. we should have con- 
sidered the 1-dose test more sensitive than the 2-dose test. 

In addition to the study which led to the establishment of the 
criteria of Matthews et for the 2-dose, 1-hour glucose tolerance 
test, Dr. M. W. Matthews has also reviewed a large number of conven- 
tional 1-dose glucose tolerance tests at the Mayo Clinic and he has 
indicated to us in a personal communication that he considers the 
Exton-Rose procedure to be more accurate than the conventional 
1-dose test in detecting diabetes, provided that the criteria estab- 
lished by Matthews et are followed. 
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High diagnostic accuracy has been claimed for the Exton-Rose 
test in several series of casesd*-’’-®-** Our experience seems excep- 
tional in that we have been able to find 13 cases out of 160 that have 
given what we consider to be borderline or abnormal Exton-Rose 
test when, the 1-dose test and the clinical data suggest a normal 
carbohydrate metabolism. The above-mentioned 13 cases do not 
represent the total number of borderline Exton-Rose tests obtained 
in 160 consecutive tolerances. Additional instances of equivocal 
results were observed but only 16 could be studied sufficiently to 
supply material for this paper. It seems worthwhile to present our 
material because it demonstrates that the problem of interpreting 
the Exton-Rose glucose tolerance test is not infrequently just as 
diflScult as the interpretation of the conventional 1-dose test, and 
because it indicates the need for more observation of the Exton-Rose 
test before final conclusions can be made regarding criteria, sensitivity 
and specificity. 

Summary. From a group of 160 subjects who had submitted to 
the 2-dose, 1-hour glucose tolerance test, 16 cases are presented in 
which the results were borderline or slightly abnormal. A 1-dose 
test was also performed on these individuals. In 13 instances the 

1- dose test and the available clinical data indicated a normal carbo- 
hydrate metabolism and therefore were in disagreement with the 

2- dose glucose tolerance test. We belie^•e that the conventional 
1-dose glucose tolerance test is more reliable than the newer Exton- 
Rose procedure. 

We tt-ish to acknowledge the technical assi.'stancc of Harry L. Fies. 
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STUDIES OF SUBSTITUTED VINYL BARBITUEIC ACIDS.* 

II. The Clinical Use of Sodium 5-Ethyl-6-(1-Methyl-1- 
Butenyl) Barbiturate (Vinbarbital Sodium).! 

By James P. Hendrix, M.D;, 

ASSOCIATE IN MEDICINE, PHYSIOLOGY AND PHAHMACOLOGY, DUKE UNIVERSITY SCHOOL 

OF MEDICINE, DURHAM, N. C. 

(From the Department of Medicine, Duke University School of Medicine.) 

In an earlier paper® detailed pharmacologic studies of 2 new 
substituted vinyl barbituric acids were described. These compounds 
were selected from a number synthesized bj^ Cope and Hancock®““'= 
by their method for introducing alkyl vinyl groups into malonic and 
cyanoacetic esters. In animals the 2 new compounds were found 
to be effective narcotics with favorable characteristics. The more 
promising of the 2 was 5-ethyl-5-(l-methyl-l-butenyl) barbituric 
acid. It was found to have a comparatively wide margin of safety 
in rats and dogs and bj^ comparison with isoamylethyl barbituric 
acid the “therapeutic index” of the new compound, as expressed 
by the LD50/AD50 ratio, was as great as, and perhaps greater 
than, that of the other barbiturate. The new compound also was 
found to be considerably less depressant to blood pressure upon 
intravenous and intraperitoneal injection in dogs than was the other 
barbiturate. Also some evidence was obtained indicating less pro- 
found depression of the respiratory center in decerebrate dogs from 
narcotic doses of the riew barbiturate than from equivalent amounts 
of isoamylethyl barbituric acid. Only negligible amounts of nar- 
cotic material could be found in the urine of dogs after administra- 
tion of anesthetic doses of the new compound. No significant 
degree of tolerance was developed in. rats and dogs after repeated 
administration of the new drug and no toxic effects were observed 
in these animals which received repeated doses. 

In view of the above findings, it was felt that the new barbiturate 
deserved preliminary clinical trial and the report of its administra- 
tion as a sedative and hypnotic to approximately 100 patients was 
included in the earlier paper.® Results were good and no unfavor- 
able reactions were observed. It is the purpose of this communica- 
tion to report observations during more extensive clinical study of 
the compound. In addition to evaluating the usefulness of the 
barbiturate, the chief object of this study has been to watch for 

* The first paper of this series was not numbered. It appeared under the title 
Studies of 2 New Substituted Vinyl Barbituric Acids (Ref. S in the bibliography of 
this paper). 

t Vinbarbital sodium is the non-proprietary name which has been recognized by 
the Council on Pharmacy and Chemistry for this compound. The vinbarbital 
sodium used in this study was supplied by Sharp & Dohme under their trademarked 
name, “Delvinal Sodium.” 
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toxic effects and undesirable reactions which miglit appear in a 
fairly large series of patients receiving the drug. 

Following the favorable preliminary trial mentioned above the 
use of the new drug was continued at the Duke University Hospital. 
The sodium-salt of 5-ethyl-5-(l-meth.yI-l-butenyl) barbituric acid 
(vinbarbital sodium) was administered in capsules by mouth to 
patients who needed an hypnotic or sedative. No attempt was 
made to use the new compound to the exclusion of other barbiturates 
and no restrictions were imposed upon the random selection of tlie 
cases, except precautions ordinarily observed in giving barbiturates. 

During a 12-month experimental period, a total of 423 patients 
received the new barbiturate. The cases have been diidded into 
five groups according to the number of doses each patient received. 
Those in Group I received only 1 dose and represent chieflj' patients 
who needed only a single dose of an hypnotic while in the hospital. 
Many of these w’ere in for a short stay. Also included are some 
cases in which a single dose was given for sedation before some minor 
procedure, such as sternal puncture or lumbar puncture. Patients 
in Group II received 2 to 5 doses, those in Group III 6 to 10 doses. 
Group IV 11 to 20 and Group Y more than 20 doses. To the above 
series of 423 cases have been added 42 others collected after the 
first 12-month period but followed carefully because of some point 
of special interest in the case. These have been divided among 
the groups in the same manner. Because the medical service on 
which the drug was used is a very active one, witli rapid turnover 
of patients, the opportunity was not available for long-continued 
administration of the drug in the majority of patients. However, 
a considerable number of cases is included in Groups IV and V and 
most of those in Group recei\’ed comparatii’ely large amounts of 
the drug. 

Patients who received the new barbiturate were observed for 
evidence of undesired or toxic reactions, such as excessive depres- 
sion, undue persistence of drowsiness, excitement, nausea, derma- 
titis, and so on. In addition, the case record of every patient was 
reviewed in a search for possible toxic effects. In most patients 
who received more than 1 dose of the drug, blood counts and urin- 
alyses done before and after the administration of the drug were 
compared in looking for evidence of hemolytic anemia, suppression 
of bone marrow activity or irritation of the kidneys which might 
have been caused by the bariiituratc. This information wits avail- 
al)!c on all ca.ses in Group V, all e.xccpt 3 in Groups D* anri HI .and 
in 73% of cases in Group II. Failure to record the information 
after the drug was given in the re.st of the cases in Group II usually 
was due to the iirief duration of the patient’s stay in the hospital. 
Blood and urine examinations were checked, if recorded, before and 
after the drug on patients in Group I (who had only 1 dose) and ail 
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of the case histories were reviewed so that any important toxic 
reaction would have been detected. 

Table 1 presents a summary of the cases used, divided according 
to diagnosis, and indicates the number of cases of each general 
diagnosis included in the various groups mentioned above. In the 
interest of brevity diagnoses have been stated in general terms and 
cases have been classified only according to the chief condition or 
disease. 

Table 1. — Analysis op Cases Used. 


Number of cases in each group. 
Groups. 


Diagnosis. 

I. 

II. 

III. 

IV. 

V. 

Total. 

Asthma and allergic states (except 
skin conditions) . . . . ' . 

7 

10 

2 

3 

4 

26 

Diseases of the blood (including ane- 
mias, leukemias, etc.) .... 

14 

12 

1 

3 


30 

Diseases of bones, joints and cartilage 
(including arthritis) 

3 

12 

4 

1 

1 

21 

Deficiency states 

1 

5 



1 

7 

Diabetes mellitus 

7 

11 

1 

1 

1 

21 

Fevers 

8 

2 

1 


1 

12 

Fungus diseases 

1 



1 


2 

Gall bladder diseases 

4 

4 


2 


10 

Diseases of heart and blood-vessels . 

21 

24 

5 

6 

5 

00 

Diseases of kidney and urinary tract . 

3 

2 

3 

. . 

. . 

8 

Lead poisoning 

1 

. . 

. . 



1 

Liver diseases 

1 

3 

1 

1 


6 

Lung diseases (except tuberculosis) . 

7 

13 

1 

2 


23 

Diseases of the nervous system (in- 
cluding psychoneurosis) 

23 

31 

2 

2 

1 

69 

Skin diseases 

6 

6 

2 

1 


15 

Diseases of stomach and intestines . 

14 

5 

3 

4 

1 

27 

Syphilis 

10 

8 

1 

1 

G 

26 

Diseases of throat and nose . 

3 

7 

2 



12 

Thyroid diseases (chiefly hyperthy- 
roidism) 

5 

14 

3 

3 

19 

44 

Tuberculosis 

7 

0 

4 

3 

1 

21 

Tumors (benign and malignant) . 

0 

10 

5 

4 

1 

26 

Diagnosis deferred 

3 

5 




8 

Total 

156 

190 

41 

37 

42 

465 

Dosage and Uses. For medical patients vinbarbital 

sodium has 

been 


given in doses of from 32 mg. (-^ gr.) to 0.2 gm..(3 gr.). The average dose 
and the one used in the great majority of cases was 0.1 gm. (1| gr.). Single 
doses of more than 0.2 gm. (3 gr.) liaA'^e been given therapeutical^ only on 
rare occasions in our series. HoweA'er, in studying the effect of the drug 
on blood pressure, respiration and heart rate (as described below), a number 
of patients were given 0.3 gm. (4^- gr.) as a single dose, without harmful 
effects. In cases where profound sedation was desired 0.2 gm. doses were 
repeated at intervals of about 2 hours until the desired effect was obtained. 
The largest amount so given in 24 hours was 1.4 gm. (21 gr.) to n patient 
with extensive chronic bronchitis and intractable asthma. 

It is felt that average doses mentioned above are quite conservative and 
that with proper precautions larger doses could have been used with safety 
if they had been indicated. Indeed, Davidoff“ and Dawdoff and Good- 
stone" have rejmrted the frequent use of doses of the order of 0.3 to 0.6 gm. 
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(4^ to 9 gr.) in disturbed patients without significant untoward effects. 
Occasionally they gave, in divided doses, amounts ' ’ " to 

2 gra. (20 to 30 gr.) in severely excited indhdduals. ■ of 

very large doses of this or similar compounds should be undertaken only 
under conditions permitting careful observation of the patient and only 
by those_ familiar with the management of possible complications. 

_ The widest use of the drug on the medical wards has been for administra- 
tion at bedtime as an hypnotic to patients with simple insomnia. Here the 
dose usually was 0.1 gm.; occasionahy 64 mg. (1 gr.) or 0.2 gm. The smaller 
doses were repeated after 2 to 3 hours, if the first dose was not effective or of 
too short duration. 

_ A number of patients in need of continued sedation also have been given 
\’inbarbital sodium in doses ran^ng from 32 mg. 2 or 3 times per daj', in 
mildly nervous indmduals, to 0.1 gm. 3 or 4 times per day in cases of 
severe hyperthyroidism. Perhaps special mention should be made of this 
later usage. Twenty-two cases of hyperthjuoidism received the drug in 
repeated doses, particularly postoperative!}', for the control of nervousness 
and as an adjunct to other standard therapeutic measures. The dosage 
employed usually was that mentioned above but occasionally 32 mg. t.i.d. 
and 0.1 gm. at night was sufficient. Results were gratifying, especially in 

3 very severe cases where the control of nervousness and hyperacthnt}' was 
of utmost importance. It was the particular obseiA'ation of both the 
medical and surgical attendants that these s}Tnptoms were controlled 
adequately without the production of undue depression or somnolrace. 
None of the cases showed any indication of toxic effects of the drug. Fifteen 
other less severe cases of h 5 'perthjToidism received the new barbiturate in 
smaller doses. 

To allay anxiety, and as sedative preparation for minor procedures, such 
as lumbar puncture or sternal puncture, doses of 0.2 gm. have been given 
about 1 hour before the procedure was to begin. It is preferable in such 
instances to allow 1 hour for the full development of the effect of the drug. . 

Vinbarbital sodium also has been used in conjunction with coal-tar 
analgesic drugs to increase the effectiveness of the latter in relieving pain. 
Here the dose has been 32 mg. to 0,1 gm., together with the usual dose of 
■salicylate or phenacetin, and the combination is particularly effective in 
combating mild or moderately severe pain associated with considerable 
neiA'ous tension. No attempt has been made to relieve pain with \'in' 
barbital sodium alone, because it is not to be expected that such a drug will 
have pronounced analgesic effects unless given in comparatively large doses, 
as in obstetric amnesia. 

Results. The results of e.vperience with the new barbiturate may 
be summarized briefly by the statement that the drug has been 
found to be an effective hypnotic and sedative with very desirable 
cliaracteristies; and that few unfavorable reactions have occurred 
following its use. 

In observing the patients and reviewing the ease histories sum- 
marized in Table 1, particular search was made for unc.xplained 
falls in hemoglobin, red ceils or white cells in the blood; the occur- 
rence of purpuric manife.stations; and the appearance of albumin, 
easts or red cells in the urine, following the use of dclvinal sodium. 
All cases showing a fall in hemoglobin of more than 10%_ "'ere 
inve.stigatcd but in every instance the fall was readily explainable 
on the basis of the patient's disease. Xo cases rcccWlng the drug 
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developed leukopenia or evidence of thrombocytopenia, and 1 pa- 
tient with preexisting leukopenia received it as a sedative without 
exaggeration of the condition. No abnormalities in the urine, which 
had not been present previousl 3 ^, were found following the drug. 

Evidence of the development of toxic hepatitis following the new 
barbiturate also was sought for but not found in any case. Three 
patients with such liver damage due to sulfonamide drugs received 
vinbarbital sodium without evidence of harm from it. One of these 
patients, who also had Hodgkin’s disease, died after leaving the 
hospital. The other 2 recovered before discharge. It should be 
mentioned that the effect of barbiturates is apt to be increased in the 
presenee of liver damage^.-®'^” and that thej'^ must be used with due 
caution under such circumstances. 

Concerning untoward effects of the drug comparativelj^ little can 
be said because of the scarcity of such reactions. The nearest 
approach to a serious reaction was in a 66-year-old white widow 
with generalized arteriosclerosis, arteriosclerotic heart disease with 
auricular fibrillation, pernicious anemia, diabetes mellitus and 
chronic cystitis. Approximately 10 hours after 0.1 gm. of the drug 
the patient was slightly confused and probablj'’ dizzy, because she 
fell while getting out of bed. However, she had received for the 
cj^stitis, 1.8 gm. of sulfanilamide per day for 3| days before the dose 
of barbiturate was given. In view of the time intervals and the 
well-known effect of sulfanilamide in causing confusion, dizziness, 
and so on, it seems probable that it was the chief offender in this 
case. However, it has been reported that barbiturates are rendered 
more toxic by sulfanilamide^'^ and it is possible that the small dose 
of the barbiturate maj’’ have contributed to the reaction because of 
the simultaneous administration of sulfanilamide. It may be men- 
tioned at this point that patients receiving sulfonamides may be 
more susceptible to the action of barbiturates. 

One 27-year-old white male developed an itching vesicular and 
papular rash, associated with mild pharyngitis, at first thought to 
be chickenpox, later regarded as “possibly a drug eruption”; 2 days 
after the second of 2 consecutive nightlj'^ doses of 0.1 gm. of vin- 
barbital sodium. The rash cleared within 3 to 4 daj'^s and its nature 
was not definitely determined. The patient had received atropine 
2 daj's before and atropine and prostigmine on the day the rash 
appeared. This maj’’ represent a case of drug rash due to idn- 
barbital sodium, but the evidence is inconclusive. No other similar 
cases were observed. The drug was used for sedation in a number 
of cases of skin diseases with exaggeration of sj^mptoms in onl.y 
1 case. This was a 41-3'^ear-old white man with sei'^ere dermato- 
phj'tosis of the feet and extensive dermatophjAid reaction. There 
was a moderate flare-up of the latter process, with increased itching, 
following a single dose of 0.3 gm. (4^ gr.-) of vinbarbital sodium 
which was given to observe the effect on blood pressure, and so on, 

VOL. 204, NO. 1.— JULY, 1042 4 
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as reported below. It was discovered later that the patient hail 
reacted similarly to phenobarbital. 

Excitement was not observed following the use of vinbarbital 
sodium and only 1 abnormal psychic reaction was seen. It is 
unlikely that this was related to the drug. A psychoneurotic, 
39-year-oId white spinster, who was prone to have hysterical attacks, 
received 0.2 gm. of the drug for sedation at night following lumbar 
puncture. She slept during the night but was found the following 
morning in a detached mental state which the psj'chiatric consultant 
viewed as an episode of dissociation hysteria. It was his opinion 
that this represented an e.\’aggerated reaction related to the patient’s 
hysterical tendencies, probabh- precipitated by the lumbar puncture, 
and that the use of the barbiturate was onlj' incidental. The patient 
returned to her normal state after about 8 hours. 

It is recognized that excitement is not likely to occur following 
barbiturates among patients such as were used in this study. How- 
ever, the freedom from reactions of this tj^pe in our cases has been 
gratifying and Davidoff and Goodstone" have reported compara- 
tively few untoward reactions in psychiatric patients who were 
treated with vinbarbital sodium. Nausea or other gastro-intestinal 
complications were not observed in our patients following the drug. 

There was no clinically detectable evidence of habituation to the 
drug under the conditions of hospital administration. It was given 
to some patients who required repeated sedation with it or some 
other sedative; but nothing was seen to indicate any special attach- 
ment to or craving for this particular drug in any of the patients. 
So far as could be determined tolerance was not developed. When 
the barbiturate was given repeatedly as an h^ypnotic to patients 
with simple insomnia the dose was not increased after repeateti 
administration and we were not able to detect that the drug lost its 
effectiveness in these cases. However, our cases were not well 
suited for investigation of tolerance because the drug was not con- 
tinued for long periods of time in most of them. Davidoff and 
Goodstone" have reported less tolerance to vinbarbital sodium after 
repeated administration than to tivo other commonh' used barbitu- 
rates. These observations are in accord with the findings reported 
in the previous paper,® concerning the relative lack of tolerance m 
rats and dogs, as judged by the average dose of the drug necessary 
to continue to narcotize the majority of a group of animals after 
repeated administration. However, Carmichael and Thompson 
ha\’c reported a decrease in the sleeping time of guinea pig.s after 
repeated administration of a fi.xed dose of vinbarbital sodium. 

Considerable clinical experience with the drug has produced the 
iinjircssion, consistent with the results of e.\'pcrimcntal work in ani- 
mals, that vinbarbital sodium definitely belongs to the group <« 
.so-called “ short-acting”** Ijarbiturates. On the i)asis of both cx'pcri- 
mental and clinical observation, it appears that its action is of .shorter 
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duration than that of sodium amytal. In addition, while reliable 
comparative clinical information is difficult to obtain, the definite 
impression has been gained from observation of patients that in- 
average dosage the new drug also is briefer in its effects than sodium 
pentobarbital. 

The induction of sedation with vinbarbital sodium appears to 
be somewhat slower than with sodium pentobarbital. The induction 
time for sleep, when the drug is given about 3 to 4 hours after the 
evening meal, usually is of the order of 30 to 35 minutes. Induction 
appears to be quite gradual and patients have not complained of 
the “drugged sensation” during induction with this drug which 
occasionally is experienced with other commonly used barbiturates. 
The absenee of this sensation, after taking vinbarbital sodium, has 
been the subject of spontaneous comment by several individuals with’ 
better than average powers of observation, who were asked to try 
the drug and who usuallj^ had experienced the sensation after other 
barbiturates. 

When vinbarbital sodium is given at bedtime to patients with 
simple insomnia who have no stronger stimuli than nervousness or 
mild anxiety to keep them awake, and whose chief difficulty is in 
going to sleep, the usual experience is that they will sleep until 
awakened the following morning by the activities of the ward. In 
patients who have some definite discomfort or stimulus which might 
be expected to awaken them when the sedative effect of the drug 
reaches a low level; sleep usually lasts, with average doses, for 3 to 
5 hours, there being, of course, much variation among individuals. 
Greater duration of action results as the dose is increased. 

•Persistence of drowsiness beyond the time of normal awakening, 
or “hangover,” following average doses has been so rare as to make 
doubtful the significance of the subjective sensations of this type 
described by the few patients who have mentioned them in response 
to leading questions. Such symptoms undoubtedly have been 
present when patients were awakened within 2 to 3 hours after 
receiving the drug and prevented from going back to sleep by exam- 
inations, treatment, and so on; and in individuals who were given 
repeated doses rvith the deliberate purpose of producing prolonged 
sedation. 

Ejfect on Blood Pressure, Pulse and Respiration. To observe the 
effect of the new barbiturate on blood pressure, pulse and respiration 
25 patients in good general condition were given larger than average 
doses and followed with care for 2h to 3 hours, or until any depres- 
sion which had been observed largely had disappeared. The doses 
used for routine administration were so small as to make unprofit- 
able an attempt to folloAv in this fashion every patient Avho received 
the usual therapeutic dose of 0.1 gm. The 25 patients were given 
at 1 dose 0.2 or 0.3 gm. (3 or gr.), roughly according to body 
weight, and readings were taken at intervals of 4 hour. Fourteen 
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patients received 0.2 gm. and 11, 0.3 gm. There v^as no significant 
difference in the two groups. After the drug w^as given the mean 
change in blood pressure in mm. of mercury for the 25 patients was: 
at 1 hour, -3 systolic and -3 diastolic; at 2 hours, -6 systolic 
and —4 diastolic; and at 2| or 3 hours (all except 6 followed 3 hours), 
-3 systolic and -2 diastolic. In only 4 cases v^as there observed 
a fall of more than 10 mm. of mercury at any time and in only 2 or 
more than 20 mm. (24 and 22 mm. respectively). Both of the latter 
were in patients who had been made apprehensive by the repeated 
blood pressure readings to establish a base line before the drug was 
given and whose starting pressure, therefore, was above their normal 
range. 

The mean change in pulse rate per minute was: at 1 hour, —2; 
ht 2 hours, —5; and at 2| or 3 hours, —4. In no case was there 
observed abnormally fast or unusually slow' heart rate following the 
drug. 

The average respiratory rate did not change at 1, 2 or 3 hours 
following the drug and no significant change of rate W'as observed in 
any patient. It is believed that there wms no change in blood pres- 
sure, pulse or respiration in any of the 25 patients w'hich would 
indicate undue depression bj' vinbarbital sodium. Nor have we 
observed any other e\ddence of such untoward effect from doses of 
the drug w’hich have been needed in our patients, Daiddoff and 
Goodstone^ in giving large doses of barbiturates to e.xcited patients 
observed more frequent lowering of systolic blood pressure, but 
much less frequent respiratory depression, with vinbarbital sodium 
than wdth sodium amytal or pentobarbital sodium. 

Pathologic Studies. Seventeen patients w'ho received vinbar- 
bital sodium died in the hospital and 2 are knowm to have died after 
discharge. Autopsy was performed in 11 of these cases. Only 
3 patients who died received more than 5 doses of the drug, 1 receiv- 
ing 6, another 7 and the other 21. Deaths were due to a ^'ariety of 
causes but all w'ere readily e.xplained by clinical or autopsy findings. 
Careful review' of the case history in every case failed to furnish any 
evidence that the drug contributed in any w'ay to the fatal outcome. 

In addition, the wwiter is indebted to Dr. D. H. Sprunt for re\'iew- 
ing the histologic sections of the organs of 10 autopsies (1 autopsy 
was done outside the hospital and the material was not suitable for 
microscopic e.xamination). No abnormalities were found in any 
case which could be interpreted as due to to.xic effect of the bar- 


biturate. ■ 

Summary, A new barbiturate (vinbarbital sodium), which .showed 
very favorable characteristics during e-xpcriinents on animals, 
has been administered to a .series of 405 patients under hospital 
oliservation. The compound w-as found to be an effcctii'e sedative 
and hypnotic when used in a w*ide variety of disease states. A'> 
serious anr! few utiflesirablc reactions were encountcrcfl. The u.'Uai 
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dosage was from 32 mg. gr.) to 0.2 gm. (3 gr.). The new drug 
belongs to the group of so-called “short-acting” barbiturates, its 
effect is gradual in onset, relatively brief in duration and seldom 
persists beyond the time of natural awakening. No significant 
effects on blood pressure, heart rate or respiratory rate were pro- 
duced by larger than average doses. In 10 cases which came to 
autopsy after having received the new barbiturate, no lesions were 
found which could be interpreted as due to toxic effect of the drug. 

Because of the results of animal experimentation and the experi- 
ence described above during its administration to patients, it is 
belicA^ed that the new barbiturate represents a worthy addition to 
the list of sedative drugs available for clinical use. 
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GASTROSCOPIC OBSERVATIONS IN PULMONARY 
TUBERCULOSIS.* 

By James Flexner, M.D., 

, AND 

Otto Baum, M.D. 

NEW YORK, N. Y. 

(From the Second [Cornell] Medical Division, Bellevue Hospital and the Depart- 
ment of Medicine, Cornell University Medical College.) 

It is well known that tuberculous enteritis is a common complica- 
tion of cavernous pulmonary tuberculosis. Tuberculosis of the 
stomach, however, is very rarely found. Cullen^ found at autopsy, 
that 70.4% of 1043 cases of pulmonary tuberculosis had tuberculous 
lesions involving the mucosa of the small intestine and colon; but 
was able to find only 4 cases of tuberculous involvement of the 
gastric mucosa. It should be pointed out, however, that gastric 
symptoms are not infrequently present in patients with advanced 

* Opportunity to study these patients was made possible by the cooperation of the 
Tuberculosis Service. 
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pulmonary tuberculosis. He found that 29.3% of the patients had 
digestive disturbances. The gastric symptoms encountered con- 
sisted of anorexia, pain, nausea, vomiting and belching. 

Renander,® in a recent publication, reported 2 cases of proven 
tuberculosis of the stomach, and reviewed the small number of 
reported cases. It is notable that the majority of these develop on a 
basis of a hematogenous dissemination to the stomach wall, or, more 
frequently, to adjacent structures— particularly lymph nodes. There 
are not roentgenographic findings pathognomonic of tuberculosis of 
the stomach. Tuberculous lesions of the stomach may cause plyoric 
stenosis, in which case it is secondary to healing by fibrosis and 
cicatrization of an antecedent annular ulcerative lesion. They may 
resemble infiltrative neoplasms, as well as polypoid gastritis. No 
cases diagnosed b}^ gastroscopy have been reported. 

No gastroscopic observations in tuberculous patients have come 
to our attention. While the effect of a chronic debilitating disease 
on the gastric mucosa maj'- be due to several factors, among them 
deficient absorption or increased requirement of vitamin, several 
questions of special interest arise in the tuberculous patient. 

Materials and Methods. In this investigation 27 patients with_ pul- 
monary tuberculosis were gastroscoped. This study was undertaken in an 
effort to clarify three points: First— can a specific lesion be demonstrated in 
the stomach in late stages of pulmonary tuberculosis if the gastric mucosa is 
examined through the gastroscope? Second— what effect has the prolonged 
swallowing of purulent material on the gastric mucosa? Third— could the 
gastroscopic findings be correlated ■with the presence or absence of digestive 
complaints? 

The patients selected for examination all had severe pulmonary disease 
of a few month’s to 20 years’ duration. Many were in the advanced stages 
■ of tuberculosis. The gastroscopist did not know whether gastric symptoms 
were present until the final tabulation of results was completed. 

Results (Table 1). While none of the 27 patients examined was 
ambulant, and some were so Aveak that it was necessary to lift them 
from stretcher to examining table, 26 Avere successfully gastroscoped. 

Entirel}'^ normal gastric mucosa Avas encountered in 5 patients. 
Chronic superficial gastritis AA'^as found in 7; chronic atrophic gastritis 
in 3; and a combination of these lesions occurred in 10 patients. 
Chronic hypertrophic gastritis Avas seen in only 1 patient. Ulcers, 
tumors and tuberculous lesions Avere not obserA'^ed. Mucosal bleed- 
ing AAMs seen in 3 of the patients Avith chronic superficial gastritis. 

The 5 patients in AAdiom normal gastric mucosae Avere found had 
no gastric complaints except anorexia. Ten of the remaining 21 
patients had diffuse inAmh^ement of the gastric mucosa of a moderate 
to marked degree, but only 3 had gastric symptoms, AA'hile 6 of the 
1 1 patients Avith only patchy, mild to moderate mucosal inArnh'^ement 
had gastric complaints. 

Synij)tonis occurred in 6 of tlie 10 patients having both chronic 
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superficial and atrophic gastritis, in 2 of tlie 7 patients with chronic 
superficial gastritis, and in 1 of the 3 patients with chronic atrophic 
gastritis. The one patient with chronic hj^iertrophic gastritis had 
no gastric complaints. 

The sputum varied in amount from scant to profuse, a moderate 
amount representing the average. Tubercle baeilli were present in 
the sputum of all but 3 patients. The fasting gastric contents 
usually were slight in amount, and 8 patients had no residue. Of 
the remaining 19 patients only 7 had free hydrochloric acid in the 
fasting specimen. In 9 patients the gastric residue was examined 
for tubercle bacilli which were present in 5, 3 of whom had free 
hydrochloric acid in the specimen. 

Discussion. No apparent correlation between duration, severity, 
or tj^Je of tuberculosis and the presence of abnormalities of the 
gastric mucosa could be found. Neither could the amount of 
sputum produced be directly correlated with involvement of the 
j gastric mucosa. The quantit}' of sputum’ swallowed could not be 
measured. 

No specific gastric lesion was encountered gastroscopically. The 
absence of a specific gastric lesion is of particular interest since 5 of 
the patients had tuberculous enteritis. Chronic superficial gastritis 
was found in about double its incidence in patients with gastric 
complaints but no systemic disease.--'' The progression of this 
mucosal alteration to chronic atrophic gastritis was seen in a cor- 
respondingly large group of patients. Whether these findings are 
caused by swallowed purulent material or general debility of the 
patients cannot be determined until comparable studies in other 
debilitating diseases are carried out. 

Nine of 21 patients with gastroscopic evidence of abnormal 
mucosa had digestive symptoms, while none of the 5 patients with 
normal findings had such complaints. All of these patients had 
scant fasting gastric contents, and in only 7 of the entire series could 
free hydrochloric acid be found. The low incidence of gastric com- 
plaints in the patients with abnormal mucosrn may be explainable 
by the fact that all were at bed rest, most ate sparingly, and hydro- 
ciiloric acid was frequently absent from the fasting gastric specimen. 
Cullen* reported an incidence of digestive symptoms of 21.7% in 
tuberculous patients without specific intestinal lesions. This rela- 
tionship corresponds closely to our observations and the presence of 
non-specific gastritis may have been related to this portion of 
Cullen’s* series. 

Summary. Twenti^-seven patients with pulmonary tuberculosis 
had gastroscopic c-xaminations made. 

No specific lesion was found, even though 5 patients had tuber- 
culous enteritis. Chronic superficial gastritis was found alone and 
combined with chronic atrophic gastritis in an unusually large 
number of patients. Tlie abnormalities of the ga.stric muco.sa, how- 
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ever, could not be correlated with the duration, severity, or type of 
tuberculosis, nor with the quantity of sputum expectorated. , 

Gastric symptomatology failed to follow directly the , gastro- 
scopically demonstrated lesions; but this was thought to be influ- 
enced by bed rest, the reduction in food consumption caused by 
anorexia, and frequent absence of free hydrochloric acid in the 
fasting specimen. 
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AN UNUSUAL CASE OF AMEBIC HEPATITIS. 

By Louis Bauman, M.D;, 

assistant professor of clinical medicine, 

NEW YORK, N. Y. 

(From the Departments of Surgery and Medicine, Presbyterian Hospital and 

Columbia University.) 

Case Abstract. A male, negro, elevator operator, aged 32, who was born 
in New Orleans and had lived in Mississippi until 1938, was' admitted to 
this hospital, February 17, 1941. The chief feature of his past historj’’ 
was that his bowels usually moved 3 or 4 times a day; they were quite loose 
and occasionally contained bright red blood. Five days before admission 
he developed a head cold with some pain in his chest and abdomen. Later, 
the pain became sharp in the upper back, right flank and right lower 
quadrant, gradually involving the entire abdomen and radiating into the 
scrptum. There was no diarrhea, chills or urinary symptoms. Tempera- 
ture on admission was 102°, his white blood count 14,000 and polys 66%. 
Urine contained albumin and an occasional red blood cell. There was 
marked tenderness in the right costovertebral angle extending around the 
flank to the right lower quadrant, associated with spasticity, but no rebound 
tenderness. The rectum iVas tender high up on the right side. 

Films of the kidneys and urinary tract showed no abnormality. Analyses 
of urines subsequently were negative. A diagnosis of “appendicitis and 
possibly pyelonephritis ” was made. 

Laparotomy on the night of admission revealed no fluid in the abdomen. 
A pale but slightly injected appendix was removed (pathologic report nor- 
mal). The mesenteric nodes were not enlarged. Culture of peritoneal 
fluid was sterile. 

Subsequent Course. During the first few days after operation the tem- 
ppature ranged between 101° and 102°. He vomited several times and 
his abdomen was distended. A Miller-Abbott tube was inserted, the 
Roentgen ray having shown marked distention of the jejunum and ileum 
with fluid level formation. 

On the fifth day after operation his sclerae became icteric and there was 
considerable tenderness over the liver and right costovertebral angle and 
some bulging in the right upper quadrant. The history of loose stools, 
jiassage of blood, the presence of jaundice and tender liver suggested a stool 
hunt for amebce, and these were found within a short time. At this time 
his temperature rose to 104°. There was dullness and diminished breath 
sounds over the right base, that is, signs of fluid, and marked tenderness 
over the right costovertebral angle and over the liver though the -edge of 
this organ could not be felt. 
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Emetine hydrochloride, 0.06 gm., was begun 8 days after operation and 
continued for 2 weeks. During this period the temperature never rose 
above 101®, and tenderness of the liver had almost disappeared. Three 
days after stopping emetine the temperature rose to 104° and a second 
course, lasting 1 week, was instituted. Anayodin by mouth was also 
administered to destroy the intestinal parasites. Owing to relapse of fever 
a third course of emetine, lasting 15 da 5 "s, was begun, and 54 days after 
operation 400 cc. of straw-colored, hazy fluid was withdrawn from the 
right pleural cavity. Guinea pig inoculation and culture of this exudate 
were negative. His'conyalescence from this point was gradual, but com- 
plete; repeated ex-amination of stool was negative, and aU physical signs of 
illness disappeared. 

Discussion. Mistaking amebic intestinal disease for appendicitis 
is not new; it has been described repeatedly during the recent 
Chicago epidemic, and is probably due to ulceration of the cecum. 



Emetine Emetine Emetine 

Chabt 1. — The effect of emetine on the temperature in a c.ase of amebic licpatilis. 

The costovertebral tenderness and radiation into the groin and 
scrotum were probably due to pressure on or irritation of the right 
urinary structures bj- tlie diseased liver according to the nrologic 
consultant. The intense jaundice is also rare in amebic disease 
of the liver. The late Professor O’Connor, who had a large experi- 
ence with amebic liver abscess in the tropics, stated that jaundice 
in liver abscesses was rare. In this case the bilirubin reached 
IS mg. per 100 cc. and was associated with a low phosphatase. The 
negative cephalin flocculation test is also remarkable. 

The necessity for three courses of emetine is unusual. Ordinarily 
one course suffices, but as there was a prompt ri.se in temperature 
(sec Chart 1) following witlidrawal, we preferred to repeat it.s 
administration until a more lasting effect was procured. J3cing 
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aware of the toxic effect of the drug on the heart, we were on the 
lookout for cardiac signs, and rather concerned because of the rela- 
tively large size of the total dose and its well-known cumulative 
effect. Perusal of the literature leads me to conclude that should 
another opportunity arise, I would control its use by periodic 
el ectrocard iograms . 

With regard to the blood chemistry (see Table 1) the low total 
cholesterol and the abnormal ester to free ratio in the early period 
followed by a return to more normal figures is interesting. The 
normal phosphatase with a serum bilirubin of 18.7 at the outset 
and the gradual increase of the former as the latter decreased is also 
of interest. I am unable to offer a satisfactory explanation. 


Table 1. — Blood Chemistry Data. 


Date, 

Plasma 

Phospha- 


A/G ration. 

Ceph. 

npn, 

1941. 

cholest. 

tase. 

Bilirubin. 

test. 

mg. 

2/22 

P,/F— 42 

3.7' 

18.7 


Neg. 


2/25 

2.3 





2/27 


4.7 





3/1 

* . . 

5.7 

12.5 

A = 3.1 = 1.4 

G = 2.2 

Neg. 

50 

3/5 



3.9 




3/7 

99 

lOll 





3/24 

150 


0.9 




4/14 


li.’l 

Tr. 





The white count was elevated to around 15,000 throughout the illness with a relatively high 
neutrophil count. 

Summary. 1. Acute abdominal symptoms and signs associated 
with fever and leukocytosis were erroneously diagnosed as appendi- 
citis. 

2. Removal of a normal appendix was followed by jaundice, 
abdominal distention, tenderness over the liver and fluid in the right 
chest. A low serum phosphatase was associated with high serum 
liilirubin. 

3. Amebffi were found in the stool. 

4. Three courses of emetine administration were necessary to 

effect a cure of the amebic hepatitis. , 

AN ACUTE PERFORATED DUODENAL ULCER FOLLOWING 
METRAZOL THERAPY. 

By Joseph A. Tuta, M.D., Ph.D., 

DIRECTOR OF LABORATORIES, GRANT HOSPITAL OF CHICAGO; ASSOCIATE IN PATHOLOGY, 
UNIVERSITY OF ILLINOIS, COLLEGE OF MEDICINE, 

AND 

John B. Batko, M.D., 

MEMBER OF ASSOCIATE STAFF, GRANT HOSPITAL OF CHICAGO, 

CHICAGO, ILLINOIS. 

(From the Grant Hospital of Chicago, and the Department of Pathology, Bacteriologj'' 
and Public Health of the University of Illinois, College of Medicine.) 

Tim rare occurrence of an acute perforated duodenal ulcer follow- 
ing 1 week after metrazol treatment merits some consideration 
beyond assuming that it is mere coincidence. Recently, Moore 
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and Friedman'^ reported 2 cases of ruptured duodenal ulcer in young 
adult males occurring 9 to 17 months respectively after metrazo! 
injections. They suggested that although considerable time had 
elapsed since the metrazol treatment had been instituted, in view 
of the neurogenic theory of the origin of peptic ulcers, pathologic 
changes in the brain or a disturbance of the autonomic nervous system 
may have been sufficient to initiate the ulcers. DeBakey® reviewed 
the subject in general of acute perforated gastro-duodenal ulceration 
and Vonderahe*® discussed the various theories dealing wdth the 
cause of peptic ulcers, particularly from the neurogenic viewpoint. 
Stender,^* Reitmann**' and Liebert and Weil® studied the effect of 
metrazol on the nervous system. Roback and Miller’® found sub- 
arachnoid and intracranial hemorrhages follow'ing 9 injections of 
metrazol. Hassin’ found nerve cell changes in a patient w’ho bad 
metrazol injections preceded by insulin shock treatment. From 
studies on dogs and rabbits, Whitehead ei al.-^ suggested that the 
pathogenesis of the brain lesions is due to the anoxemia resulting 
from the vascular spasm caused by the convulsions. 

Case History, A female, aged 52, entered this hospital with the com- 
plaint of severe abdominal pain. There w'as generalized boardlike rigidity 
of the abdomen and tenderness on palpation. The patient had first noticed 
abdominal pain 30 hours before entrance to the hospital. The respirations 
were rapid and shallow, the pulse very' rapid, weak and irregular. The 
sj'stoUc blood pressure was 60, the temperature 104° F. An indirect blood 
transfusion was given, intravenous fluids and 4 gra. of sodium sulfapyridine 
in 500 cc. of distilled water. The Le^dne tube with continuous suction was 
used. The patient e.vpired 6i hours after admission. Five days before 
entering the hospital, she received an injection of metrazol for in%'olutional 
melancholia which resulted in typical con%'ulsive seizures. One or two injec- 
tions had been given pre\iously. There was no history or endence of 
trauma to the epigastric region. 

Aiilopsy findings (abdominal incision only): The abdomen contained 
considerable gas; the peritoneum was dull, purple-gray mottled with fibrin- 
ous deposits and contained about 500 cc. of dark brown fluid. There was 
a punched-out perforation (7 by 6 nun.) in the anterior surface of the first 
portion of the duodenum 1 cm. from the pylorus. Its edges were soft and 
brown stomach contents could be e,xpressed. The anterior surface of 
the stomach was covered with a fibrinous exudate. Tiie lesser peritoneal 
.sac contained no fluid and the surfaces were smooth. The loops of .small 
intestine were hea\'y and contained large amounts of fluid. In several areas, 
the serosa was covered by a fibrinous exudate. 

Microscopic examinalion: The walls of the duodenal ulcer showed 
necrotic tissue along the edges of the ulcer, beneath which were^ sm.all 
infiltrations of hunphocytes, mononuclear cells and neutrophils. No evi- 
dence of fibrosis %vas found (Van Gicson), The anatomic diagnosis was 
generalized fibrinopurulent peritonitis, acute perforated duodenal ulcer and 
fatty degeneration of the liver. 

Discussion. The punched-out nature of the defect in the anterior 
wall of the duodenum, the lack of hemorrhage in the wall adjacent 
to the perforation, the absence of any evidence of direct injury to 
the epigastrium together with the absence of a history of a clironic 
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ulcer serves to eliminate a traumatic origin of the ulcer, except for 
the possibility of excessive flexion during the convulsion as a possible 
contributing factor. The thickened appearance of the anterior 
wall of the proximal 3 cm. of the duodenum was found to be 
due chiefly to large groups of Brunner’s glands in the submucosa 
(Fig. 1). Comparison of the anterior wall of the first portion in 
the normal duodenums of other autopsies, together with the exten- 
sive studies of Feyrter® and Bobertson'® on the pathology of Brunner’s 
glands, leads to the conclusion that the suspected hyperplasia came 
within the upper limits of normal. The possibility of abnormal 
pressure on the duodenal mucosa was considered because of the 
earlier contention of Scagliosi’^^ that duodenal ulcers may be caused 
by hyperplasia of Brunner’s glands with subsequent pressure on 
the mucosa. However, this theory lias not been substantiated 
by later investigators. 










Fig. 1. — A sagittal view taken through the first part of the duodenum at a point 
2 mm. from the right edge of the perforating ulcer of the anterior wall. 


An attempt to explain the way in which metrazol could produce 
peptic ulceration necessitates consideration of vascular and neuro- 
genic factors. Experimental work leading to the production of 
peptic ulcers strongly suggests that the main underlying factor is 
a local circulatory disturbance. Boles, Riggs and Griffiths® and 
Boles and Riggs® concluded that focal gastric ulcers were due to 
focal manifestations of a generalized circulatory insufficiency. Also 
the work of Reeves,®® Wilkie®® and the more recent investigations of 
Wihner®® on the blood supply of the first part of the duodenum give 
some anatomic basis for explaining tlie localization of ulcer lesions 
in the pyloric regibn of the gastro-intestinal tract. In the studies 
of Berg® and Nedzel,®® on the experimental production of peptic 
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ulcers by means of pitressin, anoxemia is produced not only by direct 
action on the small blood-vessels but by a compression of the larger 
blood-vessels by muscular contractions of the walls of the stomach 
and duodenum. 

The action of large doses of metrazol on the vascular system 
according to Haury and Gruber® is similar to the effect of adrenalin. 
They concluded from experimental studies that two effects on the 
vascular system may be obtained, depending on the size of the dose 
of metrazol; one a central action causing splanchnic constriction, 
and the other a peripheral effect causing splanchnic dilatation. 
jSIessinger and Moros^“ have noted that patients with hypersensi- 
tivity of the sympathetic nervous system may exhibit symptoms of 
In-peradrenalinemia. 



Fig. 2.— Section through the wall of the perforation, showing the distinct muscular 
coats and the narrow necrotic zone lining the defect. Xo fibrosis of a chronic ulcer is 
present. ( X 40.) 


Certain neurogenic impulses can have profound effects on the 
terminal vascular system of the gastro-intestinal tract (Boles am! 
Riggs-). This may appear after injury or stimulation of the brain, 
particularly of the hypothalamic regions. The stimulation of tlie 
vegetative centers may cause peripheral stasis or vasoconstriction 
through an imbalance of the sympathetic and parasympathetic ner- 
vous systems. This concept is essentially that used by Cu.sliing* tf» 
exjilain the pathogene.sis of peptic ulcer. He concluded that ahtior- 
mal viigal impulses could lead to hypcrseoretioiT, hypcrehlorhydria, 
hypermotility and Inpcrtonicity particularly in tlic pyloric region, 
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causing spasmodic contractions of the musculature and possibly 
spasms of the terminal blood-vessels, leading to a devitalized area 
which may be then aeted upon bj’^ the gastric juice. 

Summary. The occurrence of an aeute, perforated duodenal ulcer 
following soon after metrazol therapy is reported. The theories 
considering the possible relationship of the effect of metrazol on the 
nervous system and a “neurogenie” ulcer are briefly discussed. In 
view of the rarity of this type of complication following metrazol in- 
jections, however, the possibility of eoineidence must be considered. 
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A DIET CALCULATOR FOR SIMPLIFYING DIET 
PRESCRIPTION IN DIABETES MELLITUS. 

By Theron G. Randolph, M.D., 

MILWAUKEE, WIS. 

M-VNY of the significant advances in the science of nutrition have 
not been applied in the treatment of disease. This discrepancy 
between principle and practice may be due in part to the fact that 
many physicians have not been trained adequately in practical 
dietetics and in part to the fact that the VTiting of diet prescriptions 
remains a time-consuming procedure. As a result, it is a common 
practice to use a few favorite stock diets instead of giving patients 
individual dietary attention. This criticism may be directed par- 
ticularly toward the dietary management of diabetes mellitus or 
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Other conditions in which it is desirable to regulate accurately the 
caloric value of the diet as well as the content of carbohydrate, 
protein and fat. 

The Diet Calculator. In an attempt to simplify this problem the essential 
information used in the dietary treatment of diabetes meilitus has been 
assembled on a circular chart called a Diet Calculator.* By manipulating 
the movable parts of this instrument one may select the desired therapeutic 
diet to meet the needs of a particular case. 

The deidce, as illustrated in Figure 1 consists of three concentric disks, 
the two outer disks, form the front and back dial faces and rotate upon a 
slightly larger inner disk. One hundred diets are listed. The various details 
of a single diet may be read through the vundows of the dial face as its 
pointer is directed toward a gixmn sector on the peripheiy. Figure 1 illus- 
trates the front view; the back view is similar except that the diets possess 
higher caloric values. 

Use -of Calculator. The number of calories required for a given 
patient ma}'' be determined by reference to the tables upon the face 
of the Calculator. After choosing the level of calories and selecting 
that specific division on the periphery of the Calculator, one then 
selects a diet within that range of calories by rotating the pointer 
of the dial face to the desired amount of available glucosef listed in 
the most peripheral window, or if preferred, to the content of 
carbohydrate, protein and fat named in the second window. The 
characteristics of the diet in terms of basic foods may then be read 
through the remaining windows, in which are listed the total food 
required for the day and the amounts of food for each of the three 
daily meals. 

The following basic food groups are used: eggs, bacon, milk, 10 % 
fruit or vegetable, bread, 20% cream, and butter. For convenience 
the principal source of protein is e.\pressed in terms of eggs, other 
protein-containing foods which may be substituted for eggs arc 
tabulated upon the back face of the instrument? The bulk of the 
diet may be regulated by substituting 5%, 15%, or 20% fruits and 
vegetables for amounts of 10% fruits and vegetables. The quan- 
tities of the_ various foods are such as to be readily convertible to 
measure if weighing of the diet by means of a gram scale is not 
desired. The classification of fruits and I’egetables according to 
carbohydrate content in terras of 100 gm. portions with the equiva- 
lent in household measures is tabulated on the back dial face. 

In these diets the morning meal contains J and each of the two 
remaining meals f of the total daily available glucose. By mean.s 
of a .simple adjustment as described on the front dial of the Calcu- 
lator, it is possible to secure either an equal division of the available 
glucose among the three daily meals (s— - 3 — 3 ) or to allow for a 
bedtime feeding (| — 3 — J— I'j)- 

* Published by E. R. Squibb & Sons. 745 Fifth .\vcmip, Xc«' York, N. • 

t The available plucosc is derived from the metal)o!ism of 100% of the carixdij- 
dratc. 50% of the protein and 5% of the fat. (Newburph and MaeKinncm. The- 
Practiee of Dietetirs. New York, The Macmillan Company. 1034.) 
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The energy value of these prescriptions differs by units of 200 
calories with a range from 800 to 2800 calories. The available 
glucose content of the individual diets varies by gradations of 
15 gm., the range extending from 65 to 275 gm. This variation is 
shown graphically in Figure 2, in which the available glucose is 
plotted horizontally and the calories vertically. The various com- 
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ENERGY REQUIREMENTS 
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8D--70 
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HI 

Boy* Girls 

Boys Girls 
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PROTEIN REQUIREMENTS 


Gremi per 
Kilogram 
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HE^3 

l.fBM 


ENERGY REQUIREMENTS 

ADULTS* 

Degree of 

Csloriet 

Calories 

Activity 

per Kilogram 

per Pound 

Bosol or Rett 


9-11 

Bed rest 


12.5 

Very Light 

Light 


13—14 


14—18 

Moderole 


18—20 



20—22 

Severe 


22—32 
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Egg, one 

$0 



4.7 

S.2 

mrt 


20 

3 thin strips • 


3.3 

10.0 

103 

w 

240 

1 cup 

12.0 

7.9 

9.4 

144 

u EdQ 

240 

1 cup 

12.2 

8.1 

0.7 

88 

1 . 

100 

lA cup cooked 

S.O 

1.0 


24 

1 1 slv 

100 

'A cup cooked 

10.0 

1.0 


44 

1 : HzJ 

100 

'A cup cooked 

15.0 

1.0 


44 

t HxTHHh 

loo 

'A cup cooked 

20.0 

1.0 


64 

t jSq 

30 

1 slice 

14.4 

2.9 

0.3 

72 

p Mm Q|H||||H 

40 

% cup 

iSI 

1,7 

12.0 

125 

I ' ^Q2 

60 

% cup 


WSm 

24.0 

228 


10 


m 


8.5 

77 



,TO ALTER THE DIVISION OF AVAILABLE GLUCOSE 
Th« diet* reveoled through the window* of fhit Coleulotor hove been 
so orronged thot the morning meol cenlain* 'A the dolly fotol ovoll* 
able glucote and the noon.ond evening meal* V* eoch. To ehonge thii 
to an equal divition (’A, ’/j, '/j) odd to the breakfast either bread or 
vmilk and 10% fruit or vegetable, deducting one*helf of the odded 
Mvontity from the noon meals and the ether half from the evening 
^meols. If e bedtime feeding is preferred (making o division of ‘A, '/j, 
'A. 3/iS}, the breakfast is not altered but equal omouni* ere deducted 
from the noon and evening meols and added together to moke a 
bedtime feeding. For either olterotion the omounts to be odded ond 
deducted ere listed in the table below underneath the oppropriote 


figure for the potieni's total evalloble glucose. 


no i:5_l40 I5S 170 tas 200 215 230 24S 2i0_275 
""V'O 30" 30 30 30' 30 SO'sO'aO 30'’ 30 36 
0 0 240 24Q 240 240 240 240 240 240 240 240 240 


10% Fruiter 
V«g. (Gm.) 80 100 120 MQ 


EGGS 
BACON 
f360( MILK* 
bZO 10% FRUIT 
szq 10% VEGETABLE 
120; BREAD 
60| 20% CREAM 
25i BUHER 


•Figures underscored indicate to vs« 
skimmed milk Instcod of whole milk. 



Fia. 1. — Front face of diet calculator. Note one window just above the largest lettering anc 

others in the lower part of the disc. . 


binations of these two factors comprising the 100 diets are repre- 
sented by the crossed squares in the center of the diagram, each 
square representing a single diet. When these squares are viewed 
in a horizontal series, one should note that the diets of each level 
are characterized by having an identical caloric value but a varying 
content of available glucose. Figure 3 illustrates the composition 
of the diets containing 2000 calories as the available glucose increases 
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Fig. 2. — The crossed squares represent the combinations of calorics and available 
glucose in the 100 related diets. The inked square designates the prescription from 
which successive isocaloric diets and successive diets of constant available glucose 
content were prepared. 



Fio. :L — Composition in tcmi* of food groups, carfjohydratc. protein, and fat of the 
i.«ocalorir diets of 2000 calories .and a varying content of available glucose. 
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from 125 to 275 gm. In'reading this sample series from left to right 
one should note the steplike increases in carbohydrate and the 
decreases in fat existing between the individual diets, also the graded 
variations in the constituent food groups. It is to be observed that 
the prescriptions toward the left of the series are of relatively low. 
carbohydrate and high fat value, those toward the right of rela- 
ti^'^ely high carbohydrate and low fat value, whereas the diets mid- 
waj^ between these two extremes possess a ratio of carbohydrate to 
fat of approximately 1 to 1. 



Fig. 4. — Composition in terms of food groups, carbohydrate, protein and fat of diets 
containing 215 gm. available glucose and a varying content of calories. 


When the squares of Figure 1 are viewed in vertical columns, the 
individual diets have a constant level of available glucose but vary 
by units of 200 calories. Figure 4 illustrates the composition of the 
diets of a sample vertical series, namely those containing 215 gm. 
available glucose as the calories are carried through the range from 
1400 to 2800, As in the previous example, one may observe the 
variations between the individual diets in terms of carbohydrate, 
protein, and fat as well as in the constituent food groups. 

Mathematical Constniction of Diets. The preparation of this 
series of 100 interrelated diets may now be explained. The diet of 
2000 calories and 215 gm. available glucose (see inked square in 
Ilgure 2) served as the starting point. Other diets of 2000 calories 
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containing progressive!}^ Jess available glucose (i. c., 200, 185, 170, 
etc. gin.) were constructed by making repeated subtractions in 
terms of foods rich in carbohydrates and repeated additions in 
terms of foods high in fat value. A formula was prepared listing the 
increments or decrements in terms of the basic food groups as well as 
the resulting change in the I'alues of carbohydrate, protein and fat 
which occurred in a reduction of 15 gm. available glucose (t. c., 
moving one square to the left in Figure 2). The successive isocaloric 



Fig. 3. — The fattj' acitl glucose ratios of the standard diets of the Calculator. 
Interesting from the mathematical standpoint is the fact that the individual points 
making up the cun-es of this figure may be on somicubical parabolas according to 
the equation; 

F att 3 ' acid _ 1.155 calorics — 39 0 

Glucose (.\vailable glucoselb* 

(Tliis equation was contributed by Dr, .John Bugher.) 


diets of decreasing available glucose content were prepared in the 
same manner. Conversely, the formula with opposite signs was 
used in constructing adjacent isocaloric diets of increasing availaidc 
glucose content (i. c., moving square by square to the right lu 

Figure 2). . . , -in 

The .sucecs.sive diets in the vertical series of 215 gm. avaiialile 

glucose and vtirj-ing calories (see Figure 2) were eonstniotcd in a 
similar mathematical fa.shion, apin starting with the initial diet of 
2000 calorics and 215 gm. of available glucose (sec inked space). 
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The same formula was not used in constructing each successive 
diet of an entire horizontal or vertical series. At intervals within 
each series the formula was changed in order to regulate the bulk 
of the diet and to keep the prescriptions well balanced. 

The fatty acid glucose ratio of each diet is plotted in Figure 5. 
Connecting the plotted points for each group of isocaloric diets results 
in a series of arcs the curvature of which decreases as the caloric 
values increase. It will be noted that in no instance does the ratio 
exceed 1.5. 

The use of this mathematical approach results in a series of 100 
closely related therapeutic diets. The constant and gradual change 
occurring between individual isocaloric prescriptions is a significant 
feature. Under certain circumstances it is desirable to change a 
diabetic diet by small and repeated increments or. decrements of 
carbohydrate. These prescriptions are constructed to allow for 
such manipulation with the least possible alteration in the diet’s 
basic structure yet maintaining the calories at a constant level. 

Accompanying the Calculator is a booklet of instructions which 
explains in detail how the instrument is used. Included in the 
booklet are substitution tables ivhich may be used in case one 
wishes to convert the standard diet prescriptions of the Calculator 
to diets of higher protein content. There is also provision for the 
addition of milk to children’s diets. 

By reference to other tables the caloric or available glucose 
content of a given diet prescription may be increased or decreased. 
These tables are useful in cases where the standard diets of the Calcu- 
lator have been altered in terms of the constituent basic foods. An 
alteration, such as the addition of milk to the diet of a child, may 
be retained as the energy value of the prescription is changed by 
units of 200 calories or the available glucose altered by 15 gm. In 
each case the resulting value of carbohydrate, protein and fat is 
tabulated. 

No attempt is made to outline 'procedure in the dietary therapj'^ 
of diabetes mellitus. This material is presented with the aim of 
supplying in a simple and usable form the essential dietary informa- 
tion applicable to the treatment of diabetes. Depending upon the 
needs of the partieular patient or upon the point of view of the 
physician, one may select adequate diets of varjung energy content 
relatively high or low in carbohydrate, protein or fat. 

Summary. A Diet Calculator listing the details of 100 thera- 
peutic diets and providing for alterations in these prescriptions to 
meet the requirements of indhuduals with diabetes mellitus is 
described. 

The mathematical approach in constructing this series of inter- 
related diets is explained. 
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Allergy in Clinical Practice. By Staff-members of the Cleveland 
Clinic. Under the Direction of Russell L. Haden, M.D., F.A.C.P., 
Chief of the Medical Division; Edited by J. Warrick Thomas, M.D., 
F.A.C.P., Chief of the Section on AllergjL Pp, 354; 92 illustrations. 
Philadelphia: J. B. Lippincott Company, 1941. Price, 85.00. 

_ The concept responsible for this volume, to UTite for the general prac- 
titioner a text on allergj' with a minimum of theorj^ and technique and with 
a maximum of the practical as set forth in numerous case reports, is most 
laudable, but the result leaves much to be desired. After a verj' inadequate 
introductoiy chapter on the “Approach to the Problem of an Allergic 
Patient” (in which pruritis is referred to as a lesion), there follow chapters 
on asthma, hay fever, perennial nasal allergy, allergic bronchitis, bronchi- 
ectasis, the cutaneous allergies, gastro-intestinal allergj', the ocular mani- 
festations of allergj’, migraine, endocrine considerations in the allergic 
patient, uncommon manifestations of allergy. Onlj’ the chapters on the 
cutaneous manifestations of allergj’ desen’e high praise. Bj’ contrast the 
chapter on asthma is sketchy and incomplete. The discussion of gastro- 
intestinal allergjr is very inadequate. The chapter on endocrine considera- 
tions is not pertinent and only beclouds the issue. Urinarj’ tract allergj’ j.s 
dismissed with 3 case reports. Verj’ few of even the most enthusiastic 
allergists would subscribe to the idew that all hay fever patients should be 
thoroughlj’ tested to foods as well as inhalants. The book is not recom- 
mended. R. K. 


L’fiTAT Pre-cancereux. Signification Biologiqne. By J. M. Mo.vt- 
PELLIER, Professeur of Pathological Anatomj’, School of Medicine, Uni- 
versity of Algiers, North Africa. Pp. 268; with numerous plates. Algiers: 
Jules Carbonel, 1941, Price about 82.00 (52 francs Frencb). 

This book, having as its purpose the studj’ of the biologic concept of the 
precancerous state and the question of suitable cancer prophylaxis, con- 
tains much interesting information. Up to the present daj’ the concept of 
the precancerous state has aiwaj's been a subject for much controversj’. 
IWule manj' cancerologists are of the. opinion that the precancerous state i.« 
bound to manifest itself as cancer sooner or later, others regard it ns one 
which maj’ or maj’ not manifest a tumor later on. According to still other 
scientists, a lesion is either cancerous or non-cancerous; and, from the 
biologic, clinical, and histologic standpoints, it is impossible to diagno.'o the 
“precancerous state.” 

The author, in spite of the complexity of the problem, attacks it verj' 
courageousij', and gives us a verj’ interesting and instructive book. . 

Book 1 deals with the precancerous state in humans. Its characteristics 
are a local proee.«s accompanied bj’ a general proces.s. To quote the author: 
“When we obsen-e the initial stages of cancer, we notice a phenomenon 
whicli is con.stant~the malignant tumor does not appear haphnz.ardh', at 
anj’ p.art of the liodj-, or suddenly even. Before the appearance of a c.aiiccr, 
there are alway.s local premoniforj’ signs. This premonitorj' local state is 
alwaj’s present* in human and animal cancer casns Ixjfore the appearance of 
the tumor. Thus, there b no cancer without a previous local precancerous 
.state.” In many ca.ses, these precancerous states maj' regress and disapficar 
entirely licfore a cancer has appeared. This phenomenon is noticed Iwtii 
during’ the development of a sjwntaiicous cancer and during an ex;)en- 
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mentally induced cancer. The fact that a precancerous state may dis- 
appear or develop into cancer itself in no way affects the biologic signifi- 
cance and importance of the precancerous problem. 

Histologically, a precancerous state is a process of cellular and tissue 
change (“remaniement”)) during which regressive and progressive phenom- 
ena are noticed. But what is striking in this connection is not so much 
the regression and the progression of tissue— the static state— but the 
dynamic state of the tissue. That is to say, an exaggerated and disorderly 
generative cell-action. 

The author goes on to describe these local precancerous states— mild 
tumors, embryonic and organic malformations, scars, chronic irritations, 
intoxications and so on. 

- This book also deals %vith the precancerous states in comparative path- 
ology, such as spontaneous and induced cancer in animals and plants. 
From the biologic point of view, all cancers, human or animal, induced or 
spontaneous, are always preceded by initial local lesions which are pre- 
cancerous. 

Book 2 deals with the biologic significance of the precancerous state. 
Precancerous states are of many different kinds and often give the clue to 
the cancer itself. No cancer appears Avithout having first been “announced” 
by a local precancerous state. In this part of his book, the author gives 
clinical, histologic and chemical descriptions of these various states. 

This part of the book also treats of the “cancerous terrain.” The author 
concludes that it is logical to accept the existence of a general precancerous 
state, in certain patients. This general “precancerosis” is regarded as a 
specific receptivity of the body to cancerization. Thus, local conditions 
being the same in both cases, the patient Avith no receptivity does not 
develop cancer, Avhile the other patient (Avho is receptive) does. But Ave 
must admit that on such speculative ground, investigation must be con- 
trolled with a special caution. For this idea of the precancerous state is 
important in all present-day practical cancerology. That is Avhy this book 
should be read, not only by the cancerologist, but by physicians generally. 

Book 3 deals especially Avith cancer prophylaxis. The author formulates 
numerous methods Avhich may be used to: a, combat the transformation of a 
precancerous state into cancer itself; 6, eliminate the formation of a pre- 
cancerous state. These methods include hygienic measures designed to 
protect the skin, the mucosa, and the internal organs against local pre- 
cancerous states. . By general hygiene, such as special diet, the elimination 
of certain dangerous cancerogenic substances, such as drugs, certain food- 
stuffs, arsenic, folliculin, etc., the formation of cancer can be avoided. A 
special hj'-giene for the nervous system must also be used in cancer prophy- 
laxis. As soon as a slight alkalosis of the blood, or a surplus of cholesterol, is 
obseiwed, measures must be taken to eliminate these conditions. Chronic 
infection and intoxication must be aAmided. 

The author also deals Avith the question of hormones and precancer, 
professional diseases, and the counter-measures to be employed, the social 
and medical services which should function in each country, and a special 
cancerologic training for the medical bodJ^ 

This is a book AAdiich should find a place in eA'^ery doctor’s librarJ^ 

J. S. 


Sinus. By Russell Clark Groa’^e, M.D., Assistant Otolai^mgologist, and 
Chief Otolar 3 mgologist of Allergj’- Clinic, RooseA^elt Hospital. Pp. 188; 
16 illustrations. Ncaa”^ York: Alfred A. Knopf, 1941. Price, 82.00. 
Written for the la^mian, aa'Iio unfortunatel}’- has as a rule a large store of 
misinformation on “sinus,” this book presents a discussion of the anatoinj' 
and phj’-siblogy of the paranasal sinuses, the causes and tjqies of sinus 
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disease, the sjTnptoms, diagnosis and complications of sinusitis, and the 
rationale of the medical and surgical treatment of these conditions. While 
in places the going maj- be a bit hear^, the intelligent lajmian nili find the 
book both useful and instructive. r. k. 


The Eclipse of a Mind. (Autobiography with a Preface bv an “Anony- 
mous Attending Ph 3 'sician.”) By Alonzo Gr-lves. Pp. 722. New York: 
The Medical Journal Press. 

This is a hard book to review. It is unique in presenting a patient’s 
account of manic-depressive attacks side by side with very' good hospital 
records. The patient’s sex life is given in voluminous detail. The chapter 
on heredity and emironment is admirable as is the author’s detached and 
scientific discussion of the “bored and kindly custodial treatment of human 
livestock.” His discussion of the origin of mania in himself is full of good 
suggestions and is well thought out. Not the least surprising thing in this 
unusual book is the author’s disappearance into Russia. 

It will be of great interest to psychiatrists and also to workers in fields 
related to psj'chiatrj’. Because of the unusual character of this book, 
attitudes toward it will depend much on the background of the reader. 

E. B. 


Symptom Dl^gnosis. Regional and General. Bj' W.\ll.\ce IMason Y.^iteh, 
A.B., M.D., M.S. (in Med.), F.A.C.P., Professor of Medicine and Director 
of the Department of Medicine, Georgetown University' School of Jledi- 
cine; Physician in Chief, Georgetown University Hospital and Gallinger 
Municipal Hospital, Washin^on, D.C., Formerly Fellow in Medicine, 
The Mayo Foundation. (Originally written by the Late Wilfred M. 
BiVKTON, A.M., M.D., F.A.C.P., and Wallace M. Y.ater, A.B., M.D., 
M.S., F.A.C.P.) Fourth edition. Pp. 900. New York: D. Appleton- 
Century Company, 1942. 

A USEFUL and convenient book for quick reference and help in diagnosis. 
It is concise, yet adequate. The material is well arranged and there are 
numerous classifying tables. The work, which justly merits its fourth 
edition, is highly recommended. R. K- 


The JkloDERN Treatment of Syphilis. By Joseph Earle Moore, M.D., 
with the collaboration of J. E. Ive.mp, !M.D., Harry Eagle, ^I.D., Paul 
P.adget, M.D., Mary Stew.art Goodwin, M.D. Pp. 674. .Second 
edition. Sprin^eld, 111.: Charles C Thomas, 1941. Price, .$7.00. 

Coming as it does from an originator of and spokesman for many of the 
most significant contributions, clinical and experimental to the sypliilolog}' 
of today, this new edition must be read by every serious student of medicine 
in one or another chapter of its many-sided presentations. It achieves with 
success the compromise between the encyclopedic authority and tlic prac- 
tical utility of the desk volume. Part of' this excellent effect is secured j>y 
hewing close to the line of the major contributions of the .Johns Ilopkin= 
group, which are of a range and depth sufficient to reflect and voice the 
entire field. Certain of the chapters, as on .syphilis of the eye and of the 
nervous system, are monographs embodying unrivaled c.vpcrien^, and win 
lie repcat'edlv referred to by clinicians in one or another “tight sjiot. 
Similarly there are modestly tucked away in other prcsentation.s (a= m 
early .sj-philL) gems of original contribution wliose luster can best be appre- 
ciated bj' the expert who has watched the progress of thought in this hei'i 
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over a. period of years, and knows that they represent pivotal points that 
determined the course of future thought and procedure. 

The defects of the work, as the reviewers see them, are of much less 
significance, and are perhaps inevitable by-products of a group mode of 
approach, carried to its conclusion. The work was directed by one of the 
most brilliant, incisive, positive, and critical minds in the field. It is to be 
expected and indeed hoped that it will contain obiter dicta, ipse dixit, and 
ex cathedra statements, not always on adequately examined premises. It 
does. It requires no use of the vulgar device of illustration (p. 175) to make 
a sensitive reader read page after page of flat print indulging now and 
again in the excellent exercise of grinding his teeth and bounding from 
his chair. All this is for the best, and stimulating both for the cerebral 
vertex and the suprarenal medulla. If the authorship can carry the pace, 
the reader should, and he will; but not without creaks over the corduroy. 
There is an apparent disposition to cite outside views for the purpose of 
demolishing them, sometimes with needless acerbity, or to interpose the 
negative on insufficient or admittedly no evidence. There are outright 
misstatements of others’ views quoted from obsolete citation (c/._ the 
resistance building vs. the spirocheticidal mechapism in bismuth action), 
apparently to act as foils for the authors’ more recent contributions. The 
strong group flavor sometimes becomes overwhelming like the otherwise 
laudable and delectable odor of aUyl sulphide which in sufficient concentra- 
tion can provoke tears. The best description of the ninth day erythema 
(stated to be a neglected topic, though adequately described in at least two 
American and many European sources) is by a Johns Hopkins author not 
yet in print at the time of this book’s citation. This disposition to beat the 
starting gun confers merely an added piquancy. But the bibliography^ thus 
drawn must be emphatically described as inadequate and a bit deceptive— 
especially since statements are not tagged to their bibliographic citations in 
many cases, so that a reader cannot check or judge strictures and evalua- 
tions from their context. There are occasional indications, as in the inter- 
pretations of non-specific effects of treatment, that the writing of a text on 
syphilis from the viewpoint and equipment of an internist may have its 
shortcomings, like writing from that of a dermatologist or other -ologist. 

But all this is minor animadversion and really praises the work as human, 
as well as stimulative, informative, authoritative. The best and the most 
final comment on Moore on Treatment is this: when the expert of the 
future and the historian of the past prepare to -write on the management of 
syphilis they will have to read Moore, word by word, or miss the essence 
of the subject. J. S. N. I, 


Treatment of the Patient Past Fifty. By Ernest P. Boas, M.D., 
Associate Physician, Mount Sinai Hospital, New York City; Chairman, 
Committee on Chronic Illness, Welfare Council of New York City; 
Assistant Clinical Professor of Medicine, Columbia University. Pp. 324; 
19 illustrations. Chicago: The Year Book Publishers, Inc., 1941. Price, 
$4.00. 

The past 50 years have witnessed a steady increase in the proportion 
which the elderty comprise in our population. It has been estimated that, 
if present trends continue, by 1980 nearlj'- 15% of the American people will 
be past the age of 65. The present text deals with problems of prophylaxis, 
diagnosis and treatment of disease in those past 50. From the standpoint 
of the various organic diseases, which are S3’-stematically discussed, the 
material is well handled. More 'might have been said about functional 
disorders and the ps^'chic and medico-social problems so common among 
those of advanced years. Especially the jmung ph5"sician will find much 
that is helpful in this book. R. K. 
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Roentgen Tbeatjient of Infections. By James F. Kelly, M.D. 
F.A.C.R., Professor and Director of the Department of Radiolo'n’’ 
Creighton University School of Medicine; Attending Radiologist, Creigh- 
ton Memorial, St. Joseph’s, St. Catherine’s and Douglas County Hospitals 
Omaha, and Mercy Hospital, CouncU Bluffs: With the Collaboration of 
D. Arnold Dowell, M.D., Assistant Professor of Radiolog}', Creighton 
University School of Medicine, etc. Pp. 432; 122 illustrations. Chicago: 
The Year Book Publishers, Inc., 1942. Price, S6.00. 

This is a carefully prepared textbook with a good index and extensive 
bibliography. It includes a review of all cases of gas gangrene, treated by 
Roentgen ray, in this country, that have come to the authors’ attention. 

The first two chapters of the book contain a brief discussion of Roentgen 
ray physics and general considerations of Roentgen ray therapy in infec- 
tions noth a history of the development of the mobile therap}' machine. 
The main portion of the book deals with the Roentgen ray treatment of 
gas gangrene and a"'^' I' ‘itonitis. The authors are pioneers in 
this field and have _ ’ • ■ _ their experiences in the management 

of these serious infections over more than 10 5 'ears. The}' produce con- 
vincing proof that in their hands early Roentgen ray treatment for gas 
gangrene and acute peritonitis is the method of choice. In both gas gan- 
grene and peritonitis, Roentgen ray treatment should be given in small 
doses ever}' 8 to 12 hours for the &st few days until the to.xemia of the 
disease has disappeared. Under this regime, early amputation and the use 
of serum is superfluous and may actually do harm. The authors believe 
that the use of sulfanilamide with Roentgen ray treatment is contraindi- 
cated, and that Roentgen ray alone has proven more beneficial than sul- 
fanilamide alone, in the rapidly spreading anaerobic infections. 

The last three chapters deal - p - — * • > • y treatment of super- 
ficial infections, parotitis, and . ' conditions, also, the 

witers believe that Roentgen ray therapy may be a life-saving procedure. 

There is no doubt that the authors have made a very important contribu- 
tion to the practice of medicine through years of patient investigation in the 
field of treatment of infection, particularly gas gangrene, by Roentgen rays. 
It must be said, however, that the conversational style of this book and its 
frequent unnecessary repetition detract somewhat from the valuable 
material presented. All the essential points could be covered in a much 
smaller number of pages, and the result would be made easier to read. 

R. B. 


SUKGERY OF THE A.MBDL.\TORY PaTIENT. B}' L. lUlAEER FeRGUSON, A.B., 
M.D., F.A.C.S., Lieut.-Commander, Medical Corps, United States Nawal 
Reserve; Assistant Professor of Surgen', University of Pennsylvania; 
Assistant Surgeon, Hospital of the University of Penns}'lvania; Surgeon, 
Philadelphia General Hospital and Doctors Hospital; Consulting Surgeon, 
Frankford Hospital; Chief of the Surgical Out-patient Department, 
Hospital of the University of Penns}'lvania; Chief of the Proctologic 
Clinic, Hospital of the University of Pennsylvania and Philadelphia Gen- 
eral Hospital. With a Section on Fractures by Louis Kvplvn, A.B., 
hl.D., F.A.C.S., Associate in Surgeiy-, University of Pennsv'lvania; Asso- 
ciate in Surgeiy, Mt. Sinai Hospital; in charge of the fracture division of 
the Surgical Out-patient Department, Hospital of the University of 
Pcnns}’lvania. Pp. 92.3, G45 illustrations. Philadelphia: J. B. Lijipincntt 
Company, 1942. Price, §10.50. 

The average surgeon is apt to overlook the fact that actuahy the greatc.<t 
number of surgical lesions arc the so-called minor ones, that is, they do not 
require hospitalization of the jiatient. These Ic.sions are, as a rule, trcatol 
in- the general jiractitioner or by the younger surgeon. They do, neverffi'*- 
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less, require skill and judgment in therapy for disfiguring and even disabling 
results may follow careless treatment. 

Doctor Ferguson has had many years of experience as head of an active 
surgical out-patient department. This volume is the result of his thoughtful 
approach to the surgical problems he has had to meet. It is a comprehen- 
sive, clear exposition of the surgical therapy he has found to be most effective 
and it can be fully recommended to every industrial or general surgeon. 

The only criticism that might be offered is that a number of procedures are 
included which in the hands of Doctor Ferguson, who is an experienced 
general surgeon, might be safely done in the ambulator}’- patient, for example, 
the excision of a thyroglossal sinus, but which should not be done by a less 
skillful surgeon under these circumstances. I believe in the next edition of 
this book it would be well to include a few words' of caution after certain of 
the more extensive procedures. 

The illustrations are clear and numerous and the book is well arranged 
and well printed. I. R. 


The L-yjiPHATic System: Its Part in Regulating Composition and 
Volume of Tissue Fluid. Lane Medical Lectures. By Cecil K. 
Drinker, Professor of Physiology and Dean of the School of Public 
Health, Harvard University. Pp. 101; 29 illustrations. Stanford Uni- 
versity Publications, University Series. Medical Sciences, Vol. IV, No. 2, 
Stanford University, California, Stanford University Press, 1942. Price; 
bound $2.25; in paper, $1.50. 

The author’s Preface explaining why this shorter book so soon follows 
his longer one on the same subject, aptly likens the essay to “a cruise in a 
ship built of experiments and ideas.” He here develops the reasons why 
mammals have a l}rmphatic system, and why it has slowly developed into 
an important physiological entity complementing the blood circulation. 
The student of this short book will inevitably profit by the stimulating 
presentation of the evolution and function of the lymphatic apparatus; he 
may be even more stimulated and benefited by the author’s persistent 
emphasis, in his well known picturesque and vigorous style, on the dynamic 
point of Anew and on the need for ideas and on their harmfulness unless 
converted through experiment into fact. 

The twenty-eighth series of Lane Medical Lectures will stand high among 
its distinguished predecessors. E. K. 


The Electron Microscope. By E. F.' Burton, Head of the Department 
of Physics and Director of the McLennan Laboratory, University of 
Toronto, and W. H. Kohl, Development Engineer, Rogers Radio Tubes 
Limited, Toronto. Pp. 233; 110 illustrations. New York: Reinhold 
Publishing Corporation, 1942. Price, $3.85. 

Knowledge of form and structure has regularly and almost necessarily 
preceded knowledge of function— first knowledge of ivhat might be seen 
with the naked eye, then of greater detail as supplemented by the magnify- 
ing powers of the microscope and telescope. It was not until a century ago 
that technical improvement of the compound microscope, especially with 
good achromatic lenses, permitted the accurate knowledge of plant and 
animal tissues in health and disease that revolutionized the biological 
sciences. In simple but accurate language, the authors explain the physical 
reasons for the limitations of the resohdng and magnifying powers of the 
ordinar}’^ light microscope and of the slightly more powerful, “ultramicro- 
scope.” Thus the highest practical magnifications, 1800 to 2500, were 
capable of revealing the smallest bacteria, but not the filtrable Auruses, 
CA’-en the largest molecules and so on. 
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DeBroghe’s development of the theorj^ of the dual nature of the electron 
(1923) opened the way to a new field of study, Electron Optics, and this in 
turn to the production of Electron microscopes, both electrostatic and 
magnetic, that permit of useful magnifications 20 to 50 times greater than 
had been previously possible. Already, in the medical field, for instance, it 
has become possible to photograph the wruses (Cp. on page 218, smallpox 
viruses, .\'113,400). Important new discoveries are being announced so 
rapidly that Koch's early days of bacteriology are recalled when it was 
necessary merely to shake the tree and new' bacteria fell like ripe apples. 

Such is the great story told bj' this little book, for the most part in simple 
language, together with the necessary' underlying physics. The future 
usefulness of the method for many diverse fields of scientific investigations 
is indeed hard to epggerate. Let us hope that the good start made on this 
Contment tow'ard its practical applications may continue in spite of world 
conditions and even be a source of practical help to the United Nations in 
their vital struggle. 

'Those who know' this field better than I tell me that this is a sound, 
reliable, well written book that fills an immediate need. One is surprised, 
how'ever, at the kind of paper and screen used for the illustration of such 
difficult and highly magnified materiaL E. K. 


Modern Bread From the Viewpoint of Nutrition. By Henry C. 

Sherxlan and Constance S. Pearson, Columbia University. Pp. US. 

New York: The Macmillan Compan 3 % 1942. Price, S1.75. 

Modern bread is a scientific attainment. Man}' advances in the Rowing 
of better wheat, in the milling of flour, improving its keeping qualities, and 
so on, have been made. But while the fine wdiite bread of today retains 
its energj' value and is more palatable and more generally digestible than 
the coarse dark bread of earlier times, it has suffered the loss of certain of its 
most valuable proteins, minerals and vitamins. The problem of the nutri- 
tionist is to suggest ways for the enrichment of flour or of bread so as to 
restore these lost constituents. 

This book, from one of our leading laboratories of nutrition, has reviewed 
the w’hole question, and indicates the manj' possible waj's bj’ which a bread 
ma 3 ' be produced that, while furnishing as high as 50% of the total calories, 
w'ill at the same time provide adequate calcium, iron, essential amino acid.s 
and at least tw'o of the important B vitamins, thiamin and nicotinic acid. 

An excellent bibliographj' is appended, and a subject index. E. W. 


Language in Action. A Guide to Accurate 'Thinking. B}' S. 1. Hayakaww, 
Assistant Professor of English, Illinois Institute of Technologj'. Pp- 24o- 
New York: Harcourt, Brace & Co., 1941. Price, .S2.00. 

AND 

Science and Sanut. An Introduction to Xon-Aristotelian Systems ami 
General Semantics. By Alfred Korzybski, .\uthor, Matihond nj 
Hmnnmln, Director, Institute of General Semantics. Ih)- "9S. Illp- 
trated. Second Edition. Chic.ago: The Internation.al Non-Anstoteiiau 
Librarj' Publishing Companj', 1941. Price, .$0.00. 

To the many of us wlio have only in the past j'car or so becoinc aw.arc of 
Sem.antics as an important mental dtcipline it will be a surprise to leani 
that tlic first edition of “Science and Sanitj’,” the key to the .«criptures nl 
this discipline, njipeared in 19-3-3; that there have been two Internationa! 
Congresses on the subject, 19-35 and 1941; and that an Imstitute of Genera! 
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Semantics has flourished in Chicago for the past 4 years. From the 34 page 
booklet of application and criticisms that accompanies Korzybski’s second 
edition we further learn that many really eminent thinkers— philosophers, 
mathematicians, biologists, physicians, psychiatrists, lawyers, educators, 
industrialists — warmly endorse the fundamental importance of the concept 
for all branches of human thought. 

Obviously it behooves us to Imow more about this. On page 19, we learn 
that the term “semantic” is derived from the Greek semantikos (significant) 
and was introduced into literature by Michel Br4al in his “Essai de Seman- 
tique.” Br4al Avas a French philologist (b. 1832) whose essay (1897) was 
concerned with the term in relations to sema (a sign or symbol, as in sema- 
phore). When one seeks for further definitions, however, one finds that 
the author, a Polish Count, mathematician, and engineer, plunges quickly 
into higher mathematics, non-elementalistic structures, relativity, infinity, 
non-Aristotelian and “extensional” (vs. “intensional”) concepts, and simi- 
lar abstruse abstractions. Stimulus to persevere in this heavy going is not 
found by the physician in such statements as “Disturbances of the semantic 
reactions in connection with faulty education and ignorance must be con- 
sidered .... as sub-microscopic colloidal lesions.” Nor is confidence en- 
gendered by the incompleteness of many of the references gathered mostly 
toward the end of the book. 

One turns, therefore, with relief to Hayakawa’s “Language in Action,” 
an avowed attempt to interpret and popularize this new science of symbol- 
ism and especially to evaluate the meaning of words and to illustrate the 
influence of language on thought. Every thoughtful student or teacher 
of a subject who attempts to be accurate in thought and expression, soon 
comes to realize how many unnecessary misconceptions and misunderstand- 
ings obstruct progress through the use of ambiguous or misleading words 
or through substituting the abstract Avord for the concrete reality, the 
theory for the fact. These he Avill find adequately and entertainingly ex- 
plained in the smaller book, together Avith other semantic pitfalls, such as 
the “loaded” (“snarl” or “purr”) AAwd, the “one-AADrd-one-meaning” 
fallacy, the “two-valued orientation” (e. g., that a question can have only 
tAA^o sides, as in “Have you stopped beating 3mur Avife?”), affective connota- 
tions and communications, dictionary limitations, and so on. If you are 
really concerned in making yourself understood by the other felloAv and in 
understanding Avhat he means rather than merely Avhat he says, this book 
AA'ill surely help you, and it Avill, in passing, give you a much more satisfying 
attitude toAvard language as language. What a different AADrld it Avould be 
if in daily conversation, in the public press, and in learned assemblies, one 
could ahvays understand Avhat the other Avas trying to convey! And in a 
crazy Avorld, groping about for a lost modus vivendi, Avould not an adequate 
knoAvledge of Semantics be an important factor in producing a Avorkable 
peace? 

We strong^ recommend this little book, AATitten by an American citizen 
AAho for many j'^ears has taught in the Illinois institution, and a feAv readers; 
Ave believe, Avill find even greater profit in folloAving the adAuce of the author 
of “Science and Sanity” that his book “should be read at least tAAUce and 
preferabty oftener.” E. K. 


PEDiATnic Gynecologa'. B3’- Goodrich C. Schauffler, A.B., M.D., 
Assistant Clinical Professor of Obstetrics and G 3 mecolog 3 q University of 
Oregon Medical School. Pp. 384; 6G illustrations. Chicago: The Year 
Book Publishers, 1942. Price, S5.00. 

A TEXTBOOK dealing AA'ith pelvic diseases in children and adolescent girls 
is a Avelcome addition to the more general texts in this field. In his small 
A'olume the author opens Avith a discussion of the ps3’chologic management 
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of the patient. He outlines the various methods of investigation of the pel- 
rdc diseases of children, describes their treatment, and includes chapters 
on urologic conditions and diseases of the rectum. A final chapter deals 
vdth the medicolegal aspects of rape and allied subjects. 

The author takes a sensible view of the various remedies which have been 
suggested in the field of the endocrine therapy. All of his subjects are well 
covered. Few references are given and these appear as footnotes. A more 
extensive bibliography and one condensed at the end of the volume, which 
would include full titles, would enhance the value of the book. 

The publishers have made an attractive volume; the print is large and 
easily read. The 66 illustrations are well chosen and clear. The author is 
to be congratulated upon ghdng due credit to those who assisted him in the 
preparation of certain chapters— a courtesy frequently overlooked by 
authors. The Re^^ewer recommends the volume to everj'one who is prac- 
tising general medicine. D. M. 


The History and Evolution of Surgical Instruments. By Dr. C. .J. S. 
Thompson (with a foreword by Dr. Chauncey D. Leake). Pp. IOC; 
115 illustrations. New York: Sciiuman’s, 1942. Price, S8.50. 

The author is well knoum to readers of English medical historj' through 
his numerous entertaining and valuable works on various phases of the 
physician’s and the apothecary’s art. As Curator of the Royal College of 
Surgeons in Lincoln’s Inn Fields, he fortunately had recently completed the 
present stud}’’, based largely on the collection in that Museum, before it was 
wiped out by Nazi vandalism. It is fortunate that we have at least this valu- 
able substitute for the destroyed collection and its descriptions. Scalpels, 
saws, trephines, specula, forceps, lancets, tourniquets, trocars, operating 
tables— these are the lands of instruments traced by Dr. Thompson from 
Egj'ptian and Grecian down to modem times. Excellent and necessar}’ as 
are the many illustrations, one almost begrudges the space that they take 
to the e.xclusion of further information from this well-informed vTiter, 
The book is unusually well-prepared and should be a valued possession 
of many more than surgeons and medical historians. E. K. 


Rabies. By Leslie T. Webster, M.D., The Rockefeller Institute for 
Medical Research, New York. Pp. 168, 2 illustrations, 22 tables. New 
York; The Macmillan Company, 1942. Price, .$1.75. 

It is certain that control of communicable diseases demands enlightened 
community effort based upon complete understanding of responsibility. 
It is equally certain that ignorance combined with emotional factors have 
prevented the eradication of rabies. But with this book ai'ailable there 
can be no e.\'cuse for ignorance on the part o' ’ ■ — ‘-"nanans, 

public health officers or physicians. In it the : " ' ' ■ ■ bnefiv 

and concisely the availalile facts necessary, for complete understanding ol 
rabies, its diagnosis and control. The book is divided into three parts. 
1, The diagnosis of rabies; 2, the prevention of rabie.s; and, 3, “Appendices, 
in which are quoted statutes on the disposal of rabid dogs, licensing dogs anU 
disposal of unowned dogs, disposal of vicious dogs, and confining animals to 
prevent spread of rabies. In addition, tables on tlie immunizing potency 
of antirabics vaccines are included, and rabies antibodies and their relation 
to immunity arc discussed briefly. Tliere is an adequate bibliography ami 
an index. Throughout the book “what to do and how todo it,” when rabic.'^ 
is suspected in a community or when man or animals have been bitten i>y 
rabid dogs, is emphasized. Tlie book may be recommended without 
rcsen-ation. Tiie author is to be congratulated. H- 
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NEW BOOKS. 

Solving School Health Problems— The Astoria Demonstration Study. By 
Dorothy B. Nyswander, Ph.D. The Commonwealth Fund, Publishers, 
New York: 1942. Pp. 377; several tables. Price, $2.00. 

A Short History of Nautical Medicine. By Louis H. Roddis, M.D., Cap- 
tain, Medical Corps, U. S. K. Published by Paul B. Hoeber, Inc., New 
York: 1942. Pp. 359; illustrations, 12. Price, $3.00. 

Acute Injuries of the Head.' By G. F. Roavbotham, B.Sc., F.R.C.S. Pub- 
lished by Williams & Wilkins Co., Baltimore: 1942. Pp. 288; illustra- 
tions, 124. Price, $6.00. 

Arthrodesis. By G. F. Ro-wbotham, B.Sc., F.R.C.S. Published by Wil- 
liams & Wilkins Co., Baltimore: 1942. Pp. 132; figures, 144. Price, 
$7.‘50. 

Gastro-intestinal Diseases. By various contributors to the Medical Clinics 
of North America. Published by Saunders. May, 1942. Vol. 26, 
No. 3. Pp. 350; illustrations, 21. 

Memorable Days in Medicine. A Calendar of Biology and Medicine. By 
Paul F. Clark, and Alice Schiedt Clark, Department of Bacteriolo^ 
of the University of Wisconsin Medical School. University of Wisconsin 
Press, Madison. Pp. 305, Frontispiece, 38 illustrations. First edition, 

■ 1942. Price, $2.00. 

Better than a day by day Medical History Calendar, this booklet presents for 
every day in the year one or more anniversaries of memorable events, -jvith any- 
' thing from a line to a page describing each event. It was published in briefer 
form in Medical Life in 1936-1937. 

Doctor Bard of Hyde Park. By J. Brett Langstaff. E. P. Dutton & Co., 
'New York: 1942. Pp. 365; illustrations, 12. Price, $3.75. 

Annual Review of Physiology. J. M. Luck, Editor. Published _ by 
American Physiological Society, Inc. Pp. 709; figures, 2. First edition, 
1942. Price, $5.00. 

Female Sex Hormone Therapy; The Follicular Hormone, Part I — (eighth 
edition), Part II, the Corpus Luteum Hormone (first edition). Male Sex 
Hormone: Therapy: A clinical guide (first edition). Set of 3 books issued 
by Shering Corp., Medical Research Division, Bloomfield, N. J. : 1941. 
Medical Manual of Chemical Warfare. Reprinted by Permission of The 
Controller of His Britannic Majesty’s Stationery Office. Revised edi- 
tion: 1942. Chemical Publishing Co., Inc., Brooklyn, N. Y. Pp. 121; 
plates, 10. Price, $2.50. 

The Electrocardiogram and X-ray Configuration of the Heart. By Arthur 
M. Master, B.S., M.D., F.A.C.P. Lea & Febiger, Philadelphia: Sec- 
ond edition, 1942. Pp. 404; figures, 108; illustrations, 163. Price, $7.50. 
Text-book of Pathology. By Sir Robert Muir, M.A., M.D., Sc.D., LL.D., 
F.R.S. The Williams & Wilkins Co., Baltimore: Fifth edition, 1942. 
Pp. 991 ; figures, 599. Price, $10.00. 

Management of the Sick Infant and Child. Bj’’ Langley Porter, B.S., 
M.D., M.R.C.S. (England), L.R.C.P. (London), Dean Emeritus, Uni- 
versity of California Medical School, and Professor of Medicine; Fonnerlj' 
Professor of Clinical Pediatrics, University of California Medical School; 
Fonnerly Wsiting Pediatrician, San Francisco Children’s Hospital; For- 
merl}’- Member Health Advisor}’- Board of the City and Count}’- of vSan 
Francisco; and Williaji E. Carter, M.D., Director of University of 
California _ Hospital, Out-Patient Dept.; Fonnerly Chief of Children’s 
Clinic, University of California Hospital; Fonnerly Attending Physician, 
Los Angeles pounty Hospital; Formerly Attending Physician, San 
Franciso Hospital, San Francisco. Published by C. Y. Mosby Company. 
Sixth edition : 1942. Pp. 977; figures, 95. 
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Medical Application of ike Short Wave Cxirrent. By William Biermax, 
M.p., Attendmg Pli 3 'sical Therapist, Sit. Sinai Hospital, New York; 
Assistant Clinicp Professor of Therapeutics, New York University of 
Medicine. Williams & Wilkins, Baltimore; 1942. Thorough!}^ ’reiisecl, 
second edition. Pp. 344; illustrations, 87. Price, S5.00. 

Handbook of Hygiene. 63 ^ Joseph W. Bigger, M.D., Sc.D., F.R.C.P.I., 
M.R.C.P. (London), D.P.H., M,R,I.A., Professor of Bacteriolog 3 ’’ and 
Preventive Medicine, University of Dublin, Lieutenant-Colonel, Ro 3 ’al 
Army Medical Corps. Williams & Wilkins, Baltimore: Second edition, 
1942. Pp. 414; figures, 13. Price, 84.50. 

Synopsis of Materia Medico, Toxicology and Pharmacology. By Forrest 
RaiMON Davison, B.A., M.Sc., Ph.D., M.B., Medical Department, The 
Upjohn Compan 3 ', Kalamazoo, Mich.; Former} 3 '’ Assistant Professor of 
Pharmacology in Uie School of Medicine, Universit 3 ' of Arkansas, 'Little 
Rock; Second edition, 1942. Pp. 695; illustrations, 45 (4 color). 

Textbook of Medical Treatment. Various authors. Edited by D. M. 
Dunlop, B.A. (Oxon.), M.D., F.R.C.P. (Edin.), Professor of Therapeu- 
tics and Clinical Medicine, Universit 3 " of Edinburgh; Ph 3 ’sician, Ro 5 ’al 
Infirmary'’, Edinburgh; and L. S. P. Davidson, B.A. (Cambridge), AI.D., 
F.R.C.P. (Edin.), F.R.C.P. (London), Professor of Medicine and Clinical 
Medicine, University of Edinburgh; Physician, Royal Infirmary, Edin- 
burgh; Formerly Regius Professor of Medicine, University of Aberdeen; 
and J. _W. McNee, D.S.O., D.Sc., M.D. (Glasgow), R.F.C.P. (London) 
Pb 3 ^sician, H._ AI. the lUng in Scotland; Regius Professor of Practice of 
Medicine, Universit 3 '’ of Glasgow; Phy'sician, Western Infirmaiy’, Glasgow; 
Consulting Phy'sician, Univ. College Hospital, London. Foreword by 
the late Professor A. J. Clark, B.A. (Cambridge), M.D., D.P.H., 
F.R.C.P. (London), F.R.S.; Formerly Professor of Materia Medina, 
University' of Edinburgh. Williams & Wilkins, Baltimore: 1942. 
Second edition. Pp. 1179; several illustrations. Price, 88.00. 

Synopsis of Ano-recial Diseases. By' Louis J. Hirschman, AI.D., F.A.C.S., 
Ex-Vice-President, A. M. A. ; Ex-Chairman, Section on Gastroenterology' 
and Proctology', A. AI. A.; E.v-President, American Proctologic Society; 
Chairman, American Board of Proctology', Inc.; Professor of Proctology', 
Way'ne University'; Fellow (Honorary’) Roy’al Society' of Aledicine; 
Extra-AIural Lecturer on Proctology’, Post-Graduate School, University 
of Alichigan; Proctologist, Harper, Charles Godwin Jennings, and 
Woman’s Hospitals; Consulting Proctologist, Detroit City Receiving 
Evangelical Deaconess, Wayne County' Hospitals, Children’s Hospital 
of Alichigan, Detroit Tuberculosis Sanitarium, Detroit. C. V. Alosby 
Co., St. Louis: Second edition, 1942. Pp. 315; illustrations, 182; color 
plates, 12 . 

A Textbook of Bacteriology. By' Thurjlan B. Rice, A.AL, AI.D., Profe.=sor 
of Bacteriology' and Public Health at the Indiana Universityy School o 
Aledicine. Pp. 560; illustrations, 119. W. B. S.aunders Co., lliila- 
delphia and London; Third edition, revised, 1942. Price, 85.00. 

The Ijook is practically the same as the second edition tyhich appeared 
The subject matter is treated superficially and from a practical standpoint. Jte c 
developments in the field have not been incorporated in the trook. so it "T” , 

I» satisfactory as a textirook for medical students nor for practitioners wti 
to brina their knowlcdce up to date. 
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THE POSTERIOR PITUITARY GLAND. 


The activity and marked pharmacodynamic effects of extracts of 
the posterior pituitary were known long before the hormonal effects 
from many other glands were discovered. Yet, interestingly enough, 
only meager knowledge exists of the place of the posterior pituitary in 
physiology, while the place in physiology of many glands, the para- 
thyroids and adrenals for example, is well established despite the fact 
that active extracts are of more recent origin and no more dramatic 
in their action. It was in 1895 that Oliver and Schafer®® first demon- 
strated the vasopressor effects of pituitary gland extracts given intra- 
venously, and in 1898 that Howell®® showed that the effects rested in 
the fraction from the posterior lobe. In 1928, Kamm and his asso- 
ciates^^ fractionated the extract of the posterior lobe and showed a 
dissociation between the pressor and oxytocic actions. 

Anatomic Relationships. There is some confusion in the terminology 
applied to the posterior pituitary gland. To clarify these points a chart 
demonstrating the nomenclature, as suggested by Rioch and Wislocki 
and taken from the paper of Heinbecker and White, is given below: 


Major Divisions and Subdivisions op the Mammalian Hypophysis. 
Adenohypophysis. 

{ 1. Pars distalis (anterior lobe) 

2. Pars tuber.alis 
3. Pars intermedia 

Neuroiiypopiiysis. 

Lobns Norvosus 

(Neural lobe) . 1. Infundibul.ar process 


• Posterior lobe 


Infundilnilum 
(Neural stalk) 


{ 1. Infundibul.ar stem ) Neural stalk together ■ndth sheath of 
2. Median eminence of > lobus glandularis, designated as 
tuber cincretim j hypophyseal stalk 


Histologically, the structures of the neurohypophysis consist of a 
group of cells, the pituicytes, which are closely related to neuroglia, 
and large masses of unmyelinated nerve fibers. A close relationship 
between the hypothalamus and the neurohjqjophysis seems evident.® 
Fibers originating in the supraoptic nucleus pass to the neurohypoph- 
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ysis, and Heinbecker and White,®* in a careful study in dogs, concluded 
that the only nuclei unquestionably contributing fibers were the supra- 
optic and paraventricular. These relationships are most important in 
the consideration of diabetes insipidus to follorv below, and further 
discussion concerning them ivdll be found there. 

Hormones. There has been much dispute concerning the origin of 
the hormones. For a long time reluctance to accept the neural ele- 
ments as a source of glandular secretion upheld the intermediate lobe as 
the source. However, much erddence has accumulated to indicate that 
the neural elements, the pituicytes, are the source of the vasopressor, 
oxytocic and antidiuretic activities,' whereas intermedin, the melano- 
phore-dispersing hormone, comes from the intermediate or anterior lobe. 

The chemical nature and actual number of the hormones are as 
obscure as their origin. Tiie pressor, antidiuretic, o.xytocic, and mei- 
anophore-dispersing principles are generally conceded to be separate 
entities. As just stated, the last named is thought to be from the 
median, op anterior, lobe, while the others are clearly posterior in origin. 
Likewise, from what has been said, it is clear that extracts Iiave not 
been purified chemically. Best known of the highly purified fractions 
are the vasopressor and oxytocic principles separated by Ivamm and 
his associates** and by Stehle.*® Electrophoretic studies**’®® indicate 
different rates of migration of pressor and oxytocic principles obtained 
from chemically untreated, mechanically expressed juice of fresh glands, 
and lend eHdence to the idea that they are, in their natural stat e, sepa- 
rate chemical entities. Sedimentation by the ultracentrifuge®' indicates 
the large molecular size of these fractions, which exist either as a single 
large molecule or two separate large molecules, and also indicates a 
change in these structures i\v the technique of extraction, with the 
development of physiologically active split products. 

The dramatic pharmacodynamic effects of the hormones of the poste- 
rior pituitary have led to widespread use of the extracts of the gland. 
In the United States Pharmacopoeia XT, the preparation listed is Solu- 
tion of Posterior Pituitary, or Posterior Pituitary Extract (PPE). The 
action of this preparation is striking, especially on the renal, cardio- 
vascular, and gastro-intestinal apparatus, as well as on metabolism, 
the lungs, the uterus, and on carboiiydrate metabolism. It acts directly 
upon smooth muscle. Each one of these actions will be discussed below; 
and diabetes insipidus, because of its importance, will be considered 
as an entity following these discussions. The important clinical rela- 
tionships arc considered under each heading. ... f 

Rnuit Action. It has been suggested that the antidiurctic effects of 
PPE arc generally associated with the pressor principle, anrl indeed the 
effect is shown clearly by pitressin. Some evidence points to the pos.-i- 
Ijiiity that a separate principle, or at least one which may be dis.«ociatefi 
from the pressor effect, may be responsible. Heller,-''®^ by use of therina 
inactivation at v.nrious pH values, showed that vasopressor clfcct.s are 
lost at a more rapid rate than the antidiuretic effects. By making 
use of the difference in stability of the antidiuretic and va.sopres'or 
principles, he obtained preparations which contained only about S P’'"’*" 
of pressor activity to 100 parts antidiuretic activity.^ These htyj the 
typical action of PPE on water diuresis and on the urinary chlondc> o 
normal human subjects. 
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The renal effects of PPE are clear-cut. Ten units, 1 cc. of the 
so-called obstetrical preparation (1 unit equals the activity of 0.5 mg. 
of the standard powder), produces a marked reduction in urinary volume 
in normal individuals in the face of a high water intake.®^'®^ Similar 
effects occur in renal disease and diabetes insipidus, and the same 
inhibitory action is elicited in animals.®-’®®® Present evidence points 
strongly to a primarily renal mechanism — increased reabsorption of 
water by the tubular mucosa, especially the proximal convoluted tubules 
and the thin portion of Henle’s loop.^®’^®’®®“ The other proposed theory 
is that of an extrarenal action on water exchange between blood and 
tissues. In some vertebrates, the bird for example, the quantity of 
glomerular filtrate is affected. 

Increased reabsorption by the tubules has been related to the struc-; 
ture of the nephron in various vertebrates,’® and has been correlated 
with the development of the thin segment of the loop of Henle. Interest- 
ing in this light is the work of Heller.®®' He made a quantitative esti- 
mation of the antidiuretic activity of pituitary in a number of classes 
of vertebrates, mammals, birds, amphibians, teleost and elasmobranch 
fishes. Antidiuretic activity was present in the pituitary glands of 
all these groups, and in different species of the same class of vertebrates 
the glands were found to contain roughly the same amount of anti- 
diuretic activity per 100 gm. of body weight. There was, however, a 
pronounced difference in the content in mammals and all other classes. 
Mammalian pituitary bodies contained at least 8 times as much anti- 
diuretic principle per 100 gm. of body weight as the glands of non- 
mammalian species. A relationship was suggested between the phylo- 
genetic development of Henle’s loop and the amounts of antidiuretic 
hormone produced by the posterior pituitary, and a correlation of the 
development of an anatomic structure with that of a hormonal 
mechanism. Accompanying the reabsorption of water there is an 
increase in chloride output®'’ attributed to a decreased tubular reabsorp- 
tion of that ion.®®* 

Certain conditions are known to influence the antidiuretic action. 
Boyd and Garand® found that extremes of environmental temperature 
depress the water-retaining effects of PPE in rats. lYater retention 
was more effective after prolonged dehydration and thirst. Adminis- 
tration of salt decreased, and even reversed, the water-retaining effect. 
Hicke^'', Hare and Hare®® have shown that the state of body hydration 
influences the antidiuretic potency pf the posterior lobe in rats. Dehj^- 
dration diminishes the potency. They reviewed the literature on this 
subject. 

The renal action of PPE is often described as the diuretic-antidiuretic 
action. There is much controversy concerning the diuretic action, and 
evidence points strongly to its being a secondary effect from pressor 
activity.’®®® A diuretic hormone from the anterior lobe has been postu- 
lated, but Barnes, Regan and Bueno® believe this effect results through 
thyroid stimulation, for it is inhibited by thyroidectomy in dogs. 

Clinical uses of posterior pituitary e.xtracts based on the antidiuretic 
effec^ have found an important place in the treatment of diabetes 
insipidus, and will lie discussed under that subject. Recently attempts 
have been made®'*’®®’®'’ to utilize the antidiuretic effect in concentrating 
the urine for a test of renal function. Results appear promising. Ten 



“Sns o' ”'® Se*. ' ““ttaSoot'o®- ^ Cari'"'"* “1” hom *' 

teacTaes, o’’ ® pp-g, are • pectoris. d'^cus ^niectws 

sensitia'^^i' tients v-dt^^ ‘^^These effects « ^ ioffowiog ^ ^titerpTe^l*' 

^ decided drop- .ge “Effects are iroro tW 

d'^^® brie^ ’^^^Vffese P’^'®^’:\be secotidaty . • ^ “’‘' ^strict'O" 

wanffest^oi t\ie jSild 'ae *^8% at coronarv 

s^ssiisissiisii 

^«5SHs§a£^siis; 


es. rravbie^"®r^VteTiose craraP^- pg 

r.- ss.SEr.!is5'»" 

Y)q\o^'‘ . 1* -rrtilSC^C* _ .,.c-trlC ._'.i-. t;VI^P , i'.r,if 

•»-*iT/i 



MEDICINE 


133 


disease. The fact that PPE inhibits gastric secretion has led to its 
use in the treatment of peptic ulcer, while the association of gastric 
erosions with injections of extracts in animals has led, as stated above, 
to the idea of an etiologic factor for peptic ulcer in vasospasm, if not in 
the posterior pituitary. Interestingly enough, both of these concepts 
were discussed in succeeding issues of a recent journal.®’^® 

Reports in the literature do not agree upon the effects of PPE on the 
intestine. Some of these differences are accounted for by variations 
in species, in technique, and in the part of the gastro-intestinal tract 
studied. In unanesthetized dogs, Larson^® found that PPE, or pitocin, 
in intravenous doses of 10 milliunits per kilogram usually produced a 
decrease in tone and motility of the upper and lower portions of the 
large intestine; larger doses produced similar but more marked changes. 
Pitressin usually had no effect. Subcutaneously PPE. and pitressin in 
larger doses usually caused an increase in movements in the upper 
portion of the large intestine with no significant effect on tone. In half 
the cases the lower portion was not affected. Pitocin subcutaneously 
in like dosage usually had either no effect or decreased the tone and 
motility of the large intestine. 

In man, during operations on the abdomen,^^ marked spasm of the 
intestines with a concomitant peritoneal relaxation has been noted 
within 5 to 10 minutes after the intramuscular injection of pitressin. 
This effect is manifested in the usual patient by the act of defecation. 

A number of uses have been found for PPE in the gastro-intestinal 
tract. These include the reduction of intestinal flatus in gall bladder 
visualization by Roentgen ray'*® and the control of postoperative dis- 
tention.^^;®® 

Effects on Carbohydrate Metabolism. Hyperglycemic effects have 
been attributed to the oxytocic fraction,®®-®'^ and it has long been known 
that PPE inhibits the hypoglycemia of insulin injections.®®'®^ Griffiths 
has studied this problem but finds no satisfactory answer. A direct 
relationship or antagonism is possible, or circulatory changes in the 
skin could decrease the absorption of insulin. Griffiths®^ found that 
PPE inhibits hypoglycemia from subcutaneous insulin in rabbits, but 
in many animals the intravenous administration of insulin gave incon- 
stant results. This suggests definitely the theory of decreased rate of 
absorption brought about by the vasoconstrictor effect of PPE. 

hjeufeld and Collip®^®-® brought forward evidence in rabbits and other 
animals to show the existence of a substance from the posterior lobe, 
not the pressor or oxytocic principle, which is antagonistic to the 
hyperglycemia caused bj’^ epinephrine. 

Effects on Rcsinration. Laryngospasm, bronchoconstriction, and in- 
creased mucous secretion have occurred, especially in asthmatic indi- 
viduals during anesthesia following pitressin.^^ Respiratory effects are 
described®® as secondary to circulatory effects. 

Effects on Blood. The pressor hormone causes hydremia or dilu- 
tion of the blood,®® with a fall in hematocrit, a decrease in specific 
gravity, and in total serum proteins. 

Corey and Britton^®® have showm an antagonistic action of desexj"^- 
corticosterone and PPE on chloride and water balance. This report 
elaborates on former communications on the same problem from the 
same laboratory. In animals desoxycorticosterone was found to reduce 
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severely tlie output of urinary sodium, while PPE greatly increased its 
excretion. The authors feel that removal or deficiency of either cortico- 
adrenal or posterior pituitary tissues may produce disturbances in fluid 
and salt balance explicable on the basis of the remaining glands being 
unleashed or hyperactive. Both glands elaborate principles which spe- 
cifically counteract or antagonize each other in their effects on fluid and 
electrolyte balance. For normal salt and water regulation in the body, 
a balanced relationship between the adrenal and pituitary mechanism 
seems essential. 

Anemia is produced e.xperimentaily*®'-» and is discussed further under 
H 3 'perfunction; 

Effects 071 the hiens. Geiling and Oldham,^® in revdewing the evi- 
dence in the literature on the hi vitro and in viro experiments on the 
uterus, outline as follows the factors upon which the nature and degree 
of the reactions depend ; (a) The species of animal ; (b) the phase of the 
menstrual or estrous c,vcle; (c) whether the uterus is gravid or not grarid; 
and (d) the stage of pregnancy, whether early, late, in parturition, or 
in 'the puerperium. They point out that the reaction of the uterine 
muscle to pituitarj' preparations is markedljf affected bj' the nature of 
the ovarian, placental, or anterior pituitary^ hormone who.se influence 
is preponderant at the time of injection. 

In human beings early in pregnane}', there is no reaction to pitocin, 
probably because of inhibition by tlje luteal secretion ; there is a rcspnn.se 
to pitressin. Later in pregnancy, the reaction to pitocin returns. In 
parturition, the uterus is \'ery reactive to pitocin and to PPE, a time 
when their use by obstetricians is widespread. In the puerperium again, 
there is little or no response to pitocin. This summary is taken from 
Geiling and Oldham.^ 

Murphy, using the Lordnd tocograpli, has studied variations in 
uterine response to PPE in certain stages of pregnancy. In one study*-’’ 
on 26 primagraridas, approximately 19 days before the onset of lai)or, 
PPE was given intramuscularly in small doses. Murphy correlated 
the responses with the duration of labor and found significantly shorter 
labors in those with a response. Under the conditions of his study 
he concluded that there existed a significant relationship between the 
character of the uterine contractile response to PPE, administered 
during late pregnancy, and the character of labor, as indicated by its 
length. In another report, the s.'ime author*^ studied 32 women ^y^th 
the same technique at regular intervals during pregnancy. In 2, a 
uterine response failed to develop at any time; in 29, a characteristic 
reaction occurred; and in 1, an unusual response \yas recorded. Tyjacal 
responses included; 1 , A scries of clonic contractions at a rate of 20 per 
hour; 2, onset of contractions after the 2.oth week of ge.station; 3, a 
wide variation in the time in pregnancy when contractions were first 
observed; 4, inconsistency with respect to appearance of contractions 
after they were first noted; 5, a shortening of the interval between 
treatment and on.set of uterine response as pregnancy adwmeed; (>. 
a slowing of the contraction rate as pregnancy advanced; and < , absence 
of unusual ten.sion of the uterine wall before treatment. He cnncliiden 
that patients \-ary whicly in their respon.se (uterine) to pituitrin during 
pregnancy; contraction patterns depcml largely on the tension of the 
uterine wall. 
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The human non-pregnant uterus shows, surprisingly enough, a greater 
response to pitressin than to pitocin. Variations also occur in the 
different phases of the menstrual cycle. Interesting studies on the 
rabbit uterus® show striking differences in sensitivity of different parts 
of the uterus to epinephrine and PPE. There is a relative insensitivity 
of the cervical end to PPE and sensitivity to epinephrine. The tissues 
in these studies were taken from uteri shortly before and shortly after 
parturition. 

A preparation with such marked pharmacodynamic effects as PPE 
cannot escape widespread use. It has been used in all phases of preg- 
nancy for over 30 years and hazardous results have been reported from 
the beginning.®® In the first and second stages of labor, great danger 
to mother and child may develop with its use. Complications such as 
ruptured uterus, lacerated cervix, fetal death, and others have curbed 
its use in the induction of labor. After the second stage, it is widely 
used to shorten the placental stage and decrease bleeding, to hasten, if 
possible, involution and prevent infection, a point not entirely agreed 
upon,®® and to prevent or control hemorrhage in therapeutic abortion. 
Conservatism requires that its use then be confined to hospital practice. 

HyXicrscnsitivity lo PPE. Hypersensitivity to PPE has been re- 
ported on several occasions.^® Symptoms include pallor, a drop in 
blood pressure, gasping respiration, urticaria and edema. The dramatic 
picture is relieved by epinephrine. So-called “pituitrin shock” is also 
infrequent, but not rare.^ Adelman and Lennon noted 7 cases in 1 year. 
They frequently found pruritus, urticaria, and angioneurotic edema 
accompanying the shock. 

Theories of the cause of pituitrin shock include histamine reactions, 
anaphylaxis, and cardiac effects. The preparations used by Adelman 
and Lennon are reported as histamine-free. A cardiovascular etiology 
is conceivable, for the effects of PPE on the coronary arteries could 
result in coronary constriction, myocardial anoxia, cardiac dilatation, 
and the picture of shock. However, the occurrence of urticaria and of 
positive skin tests for sensitivity to the preparation favors an allergic 
explanation. .Skin reactions are apparently the result of some fraction 
other than the pressor or oxytocic principle. 

Treatment of pituitrin shock includes intravenous fluids, oxygen, and 
epinephrine or ephedrine. The latter two drugs are effective in allergic 
states and, as stated before, in coronary constriction. They are contra- 
indicated, however, in certain types of anesthesia, notably ether and 
cyclopropane,^ when they should be omitted in treatment. Pituitrin 
shock has developed in patients under anesthesia, especially in the 
obstetrical use of PPE, as well as in its use in gynecologic surgery. 

The physician administering PPE should be cognizant of these dan- 
gers and should be prepared for their treatment. 

The Melanophore-dispersing Hormone. The dermal melanophore- 
dispersing hormone, so-called intermedin, is a product of the inter- 
mediate lobe. It causes pigment migration when injected into cold- 
blooded vertebrates. In mammals, which have no chromatophores, 
its importance is not established, but a metabolic role has been sug- 
gested. The origin and functions of this hormone are discussed by 
Kleinholz and Ralm.^^ 
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Clinical Syndromes Related to Posterior Pituitary Dysfunction. 
Studies of the pharmaeodynamic effects of PPE have not been accom- 
panied by a clarification of the syndromes thought to be associated 
^vith posterior pituitary dysfunction. In most glands of internal secre- 
tion where functions have been ascertained, sjuidromes associated -ndth 
hjTJer- and hypofunction are well kno-rni. This is not true vith the 
posterior pituitary gland. 

The Question of Hyperfunction. A large literature exists^® on the 
possible relationship of pressor substances, particularly that concerned 
vdth the posterior pituitary, to eclampsia and other hypertensive states. 
No consistent findings have been reported. In the presence of eclamp- 
sia, or preeclampsia, doses of PPE already mentioned as not appreci- 
ably affecting the blood pressure produce sharp elevations in blood 
pressure, and diminish the urinary volume. The observation that 
preeclamptic women show such sensitivity while normal pregnant 
women do not has been the basis for a test to differentiate preeclamptic 
states. A positive test in the last trimester would lead to the assump- 
tion of the presence of preeclampsia. In 113 women, de Valera and 
Kellar’^ did not think the results sufficientlj' consistent to justify the 
use of the reaction as a diagnostic test for preeclamptic toxemia. 
Although such reactions suggest the possibility'® that the posterior 
pituitary gland may, in some way, be associated with the disease, incon- 
sistency in the reactions speaks against an important relationship. In 
other hypertensive states, similar associations have been postulated. 
Differentiation between pale and red hypertension on the basis of these 
reactions has been suggested, but this wew does not represent the 
consensus. 

Friedman and Prinzmetal,''® using the denervated rabbit’s ear sensi- 
tive to epinephrine in 1 to 100,000,000 dilutions and to pitressin in 
1 to 1.50,000, found only 2 of IS hypertensive patients with evidence of 
pressor actinty in the blood exceeding that of those with normal blood 
pressure. Again results are conflicting and inconclusive. Certainly, 
posterior pituitary secretion may be important in such conditions when 
it reaches hyperactive structures, where deactivation does not occur, 
or where excessive amounts are put out, hut proof for this point is not 
yet established. 

Liu^® points out that experimental hyperfunction produced by injec- 
tion of hormones has been successful in a number of glands, such as the 
parathjToid and the islands of Langerhans. To be sure, this method 
has been used with the posterior pituitary. Injections in animals have 
produced the changes already mentioned (r. supra). To repeat, hyper- 
tensive pictures and gastro-intestinal changes develop. The latter 
findings include engorgement of the stomach with development of 
erosions. Some animals develop punched-out ulcers, at times c\en 
with perforation. Erosions of the stomach occur in many animals, an<| 
neutralization of the gastric acidity prior to the injection of the pitiiitars 
extract prevents the development of the lesions.'® It is the prc^:•or 
principle that is g.astrotoxic and the gastric effects apparently result 

from intense vasospasm with inhibition of blood flow. 

Further remarks on gastric effects will he found under Dlah{'te^ 
Insipidus and under Effects on the Gastro-intestinal Tract. 

.Anemia of the mnerocylic variety has been produced in rabbits I'.' 
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large subcutaneous doses of It has been ascribed to increased 

blood destruction because of the accompanying reticulocytosis and 
increased bile elimination. Water retention has also been given as a 
cause, but the problem is not settled.^® 

PPE in large doses affects the kidneys, apparently through angio- 
spasm of the renal arteries and arterioles.^® Byrom^® believes the 
changes in rats resemble those of eclamptic toxemia, with hypertension, 
delayed excretion of water, albuminuria, coma, catarrh and degenera- 
tion of the renal convoluted tubules. Xhe parallel is interpreted as 
supporting the view that the lesions of eclampsia and preeclampsia are 
expressions of vascular spasm, but the hypothesis is rejected that such 
spasm is caused by simple oversecretion of vasopressin. Liu'*® points 
out the doubtful clinical significance of data such as the animal experi- 
mentation cited above. One would be on uncertain grounds in postu- 
lating that certain cases of peptic ulcer, macrocytic anemia, or renal 
disease result from hyperfunction of the posterior lobe. Dosage in the 
experimental animals has been tremendous. It is possible, as has often 
been stated, that the body may become more sensitive to posterior 
pituitary hormones and, in eclampsia for example, may react markedly 
to small amounts. 

Jones^® has described a syndrome which he considered was due to 
overactivity of the posterior pituitary. The patient showed hyper- 
tension, hyperchrpmic anemia, achlorhydria, and abnormal carbohy- 
drate tolerance. An extract of the patient’s urine disclosed a pressor 
principle,®® an antidiuretic action on the rat, and presence of the melano- 
phore-dispersing hormone. The effects of the extract were similar to 
those produced by the pressor principle of pituitary preparations. The 
pressor and antidiuretic substances in the urine very noticeably de- 
creased with improvement of the patient. 

The Question of Hypof unction — Diabetes Insipidus. Diabetes insip- 
idus is generally considered as the outstanding expression of poste- 
rior lobe hypofunction. This condition is characterized by polyuria 
with a urine of low specific gravity and an increased thirst. A possible 
role of the anterior lobe in diabetes insipidus has been put forward, but 
all evidence points directly to the neurohypophysis.® '*®“'®® 

Dandy*® states that diabetes insipidus in man is caused by lesions in 
the environs of the hypothalamus and is pathognomonic of a lesion of 
some type in this general area, but that the present limits of the center 
are not established. Clinically, difficulties in establishing these limits 
lie in lack of localization of disease to areas sufficiently small; and, 
experimentally, difficulties also lie in loealized damage, for surrounding 
structures may be injured. Dandy states as clinical facts that hypo- 
physeal tumors confined to the sella turcica and not affecting the 
stalk or hypothalamus never induce diabetes insipidus, regardless of 
hypophyseal destruction, and operations on the human hypophysis 
for tumors are never followed by diabetes insipidus unless the stalk 
or base of the brain is traumatized. Still PPE usually controls the 
symptoms. Dandy quotes a case of Futcher’s®^ in which a small tumor 
at the base of the brain did not involve the hj^pophysis, and a case of 
his own in which section of the hj'pophyseal stalk without trauma to 
the base of the brain or hj'^pophysis produced permanent polyuria and 
polydipsia. 
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In the rat=' experimental diabetes insipidus results when fibers which 
innervate the parenchymatous cells of the neurohypophysis are de- 
stroyed, releasing the cells from nervous control. The cells atrophy, 
and wlien the number of inactive cells is large, compensatory hyper- 
trophy appears. If enough secretion is produced, diabetes insipidus is 
onlj"^ temporary. If not, persistent mild diabetes insipidus ensues. If 
the hy^pertrophied cells secrete to exhaustion, permanent diabetes 
insipidus appears."^ In dogs,®^ diabetes insipidus results from complete 
interruption of the fibers to the neurohj’pophysis or from complete 
destruction of the neurohypophysis wdth only 3% to 10% of the pars 
distalis remaining. Maximum permanent diabetes insipidus may not 
result with failure to interrupt all fibers to the neurohypophysis or 
failure to remove it completely. These authors feel that confusion on 
this point results from failure to recognize that complete removal or 
denervation of the median eminence is a necessary condition for maxi- 
mum permanent polyuria. They also present evidence that the cells 
of the supraoptic and paraventricular nuclei do not secrete pitressin, 
and that infection in the region of the hypothalamus can prevent the 
manifestations of diabetes insipidus, even in the absence of the entire 

• *. ■ ■ ■ that injury to the supraoptico-hypophyseal tract 

leads to atrophy of the neurohypophysis and that interruption of the.se 
nerve tracts produces degenerative changes in the pituicytes with the 
occurrence of symptoms of diabetes insipidus. Diabetes insipidus has 
been produced in many animals by interruption of the hypothalamico- 
hypophyseal tract in the posterior lobe, in the stalk, or at the supra- 
optic nucleus. Maximum and permanent diai)etes insipidus follows 
removal or complete denervation of the entire neurohypophysis result- 
ing in retrograde degeneration of the entire supraoptic nuclei and the 
rostral ventral portions of the paraventricular nuclei. Failure to inter- 
rupt fibers of even 1.5% of the cells innervating the neurohyTiophysis 
will prevent the development of permanent diabetes insipidus. 

The necessity for participation of the anterior lobe in the develop- 
ment of diabetes insipidus is debated. In 9 dogs, Heinbecker and 
Wliite®'’ showed, l)y microscopically’ confirmed serial sections, that per- 
manent diabetes insipidus followed complete destruction of the neuro-. 
h.vpophysis with complete absence of the pars distalis. They feel that 
the view, based on clinical reports, that some tissue of the pars distmi.s 
is neccssnry for diabetes insipidus, is due to the fact that the median 
eminence probably remained. A phase, called normal interphai-c. 
exists in some experimental animals when fluid c.xchangc approaclie.^ 
normal between the transient and permanent phases of polyuria. Tlu^ 
was eliminated in animals when all pitrcssin-secrcting tissue wa-s re- 
moved. Heinbecker and White suggest that normal intcrpha.‘=e results 
in injury to pitrcs.sin-forming tissue .sufficient to prevent hormone .secre- 
tion, leading to the development of transient polyuria. After the cifects 
of trauma subside, secretion is resumed, to disappear again wlien 
degeneration of the pituicytes occurs. This sequence of event.s won i 
divorce any e.xplanation for normal interphase from the pans distali;.. 

Information .such a.s the above indicates that, in the dog, the adeno- 
In-pophy.si.s is not necessary for tlie develojimcnt ami maintenance of f 
])’crmanent diabetes insipidus. Keller* al.so demonstrated in dogs t w 
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a moderate diabetes insipidus can exist in the absence of the anterior 
lobe and indicated that the absence of diabetes insipidus following any 
hypophysectomy is evidence that functional antidiuretic secretory tissue 
remains intact. He suggests that the presence of a functioning anterior 
lobe may intensify the severity of the diabetes insipidus. Some of 
Heinbecker and White’s data do not support this view. Baker and 
Craft" report a case with only about one-sixth of the anterior lobe 
remaining in the presence of severe and permanent diabetes insipidus. 
The anterior lobe deficiency was sufficient to give dwarfism. 

In diabetes insipidus, polyuria and polydipsia are the characteristic 
symptoms. The question of which is primary, of whether increased 
urinary output follows thirst, or thirst water-loss through the kidneys, 
is important in understanding the mechanism of the disease. Richter®® 
obtained evidence in rats to show that polyuria preceded the polydipsia 
and is the primary factor. The renal nerves play no part in the pro- 
duction of water diuresis in hypophysectomized dog.^ 

In transient diabetes insipidus, a substance has been found in patient’s 
serum which inhibits the antidiuretic activity of PPE.®^ This was not 
found in 2 patients with chronic diabetes insipidus. The urine of de- 
hydrated normal dogs contains an antidiuretic substance; that of 
dehydrated dogs with diabetes insipidus, none.®® 

Prom an investigation in patients -with diabetes insipidus of the 
chloride and water intake and output with and without pitressin, White 
and Findley®* concluded that there is no justification for division of 
cases into hyperchloremic-hypochloruric and hypochloremic-hyper- 
chloruric types, or for the view that the condition is primarily a dis- 
turbance of the processes of exchange of water and salt between tissues 
and blood. 

Nothing will be said here concerning standard forms of treatment 
with parenteral pitressin or PPE or the insufflation of powders into the 
nose. These forms of treatment are not always satisfactory because 
of side reactions, local irritation, gastric distress, and other symptoms. 
Therapy aiming at delayed absorption has been tried, as in the case of 
protamine insulin in diabetes mellitus or pellet therapy in Addison’s 
disease. The object is delayed absorption with constant quantities 
which meets physiologic requirements.®^ Altliough inunctions have 
been tried, success has been outstanding with pitressin in oil sub- 
cutaneously. 

Greene and January®®" implanted pellets of dried PPE in animals 
and patients. Inflammatory reactions limited their use. Pitressin 
tannate in peanut oil was then tried and was successful both in animals 
and patients. With 5 pressor units to the cubic centimeter, 1 cc. doses 
ameliorated symptoms for 30 to 82 hours. There were no unpleasant 
or deleterious general or local reactions. The effect on the manifesta- 
tions of the disease was equal to that of other preparations of PPE and 
without disagreeable side effects. Stephens®® found that 0.1 % zinc ace- 
tate prolonged and intensified the effect of aqueous solutions of pitressin, 
but that pitressin in oil gave a more marked prolongation and intensifi- 
cation of the effect. 

Thorn and Stein®" also tried pitressin tannate in oil. They found in 
3 patients that a dose of more than 0.25 to 0.30 cc. daily should not be 
continued unless the clinical condition of the patient is being followed 
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closely. Larger doses may be given safely when treatment is adminis- 
tered only once in 48 hours. Control of polydipsia and polyuria was 
most satisfactory with treatment once daily. Pitressin tannate settles 
out of oily solution so that the preparation must be shaken vigorously 
when used. Failures in treatment have occurred without this precau- 
tion. Complications in Thorn and Stein’s hands w'ere w'ater into.vication 
with excessive dosage and increase in the amount and duration of the 
menses in 2 patients. 

William A. Sodeman, M.D. 
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REVIEW OF. SHOCK THERAPIES FOR THE MENTALLY ILL. 

Since the introduction of insulin, metrazol, and electric shock in 
the treatment of the mentally ill, a tremendous amount of work has 
been done with these procedui’es. This work has not been confined 
merely to the treatment and results of the methods from a psychiatric 
viewpoint, but has produced far-reaching investigations by workers in 
allied fields of medicine. For instance, the physiologist has become 
interested in the mechanism which produces the coma; the biochemist 
is interested in studying the various chemical changes which take place 
during therapy; the neuropathologist is concerned with the pathologic 
changes that occur during and after the therapy; the internist is con- 
cerned with the problem of “punishment” that the body is forced to 
absorb during the actual treatment; the psychologist is absorbed in 
following the psychologic changes which take place under the influence 
of the treatment; the orthopedist desires to know the type of fractures 
occurring during insulin, electrical and metrazol therapy; the neurologist 
studies the influence of these therapies upon the organic nervous sys- 
tem; and the psychiatrist attempts to explain the manner in which the 
psychosis is altered. 

The interest in this subject is testified to by the large bibliography 
which has been developed within the past 6 years. Jessner and Ryan*”® 
report 353 indii'idual articles in their recent book, Shock Trcatvicnt in 
Psychiairti. The yearbook Neurology, Psychiatry, and Endocrinology 
has abstracted 6S articles since the treatment began in 1936. 

Even though the original enthusiasm associated with the use of shock 
therapies has not been sustained, there is ample e^^dence that these 
treatments will continue to exert a certain amount of influence upon 
therapeutic procedures in the psychotic groups until newer methods of 
greater efficacy are introduced. One cannot say that the therapy 
offered the schizophrenic prior to the use of shock therapy was impo- 
tent ; however, whatever therapy was used it was certainly less dramatic 
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in its immediate results. Psychotherapy, at best, is a slow and tedious 
procedure, and in some institutions utterly lacking. The introduction 
of a tangible, easily administered therapy was grasped by man^-. Such 
procedures have been adopted in private clinics, psychopathic and state 
hospitals. _ Not all the work by these various groups has been reported, 
but a considerable amount of this work has been pi]b]isl)ed. 

We^ have recently analyzed 239 articles published in 39 English 
language medical journals during the past 6 years. We found that 
shock therapy may be roughly classified as follows (figures in parenthesis 
indicate the number of publications dealing with the topic listed); 

1. General discussions on the use and results of insulin, metrazol, 
and electric shock (92). 

2. Technique of administration and general management (22). 

3. Complications (24). 

4. Electrocardiographic and electroencephalographic findings (7). 

5. The mochts opercmdi (13). 

6. Psychologic factors (12). 

7. Follow-up studies and prognostic factors (G). 

8. Phj'siologic, pharmacologic, pathologic, or biochemical a-spcct-s 

(34). 

9. Neurologic effects (7). 

10. Miscellaneous factors (20). 

For our present discussion we have attempted to review the literature 
available to us on all these topics except items 8, 9 and 10. 

General Discussion on the Use and Results of Insulin, Metrazol and 
Electric Shock. We“ found that about one-fifth of the papers^- arc 
concerned with the results of therapy, and of this number about 30 
express a favorable opinion regarding the efficacy of the treatment. 
The others end on a vague note of optimism and suggest continued 
experimentation in this field. In only 1 paper®' did the author feel 
that insulin treatment had not been proven. On the contrary, lie 
raised considerable doubt as to its value. 

Reports upon the results of therapy vary widely. In the first place 
the number of cases reported varies from 1 to 1039 per paper. Of the 
50 papers, 33 report results on less than 100 cases, and are markedly 
optimistic on the basis of a small series. Reco%'ery rates are reported 
from 92.3% to 7 %, with an average of 52%. It is probably unsound 
to compare too closely the recovery rates on any two sets of studas 
from different hospitals since the criteria and definitions of “recovery 
are individual with each hospital. In this connection we agree with 
Low®* who states that recovery rates arc reliable only when studied m 
relation to tiie adjustment of the patient after discharge. 

In genera! most workers reporting .seem to agree that the following 
factors arc nece.ssar.\- for the most satisfactory results from shock 
therapy: 1, .-In illne.ss of acute onset and short duration, preferably 
under G months, not longer than 1 year. 2, The presence of affective 
factors in the psychosis. 3, .'\n adequate prcp.syehotic personality- 
4, The presence of exogenous, as opposed to endogenous, precipitating 
factors. 5, .-\n attempted hcterose.xual adjustment. G, The aiiseiicc 
of hallucinations and dereistic thinking. 

The literature <lcaling with the general discussion of these therapies 
i.s interesting in tiiat the authors attempt to confirm or disprove the 
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efficacy of these therapies. On the whole there is a fairly optimistic 
tone sounded in favor of these treatments. As Nation"'^ reports, 

“ .... in this modern day every patient is expected to receive some 
form of therapy where possible, rather than depend on spontaneous 
remission.” Sakel unwittingly spanned a gulf which some have felt 
existed between psychiatry and the rest of medicine by the introduction 
of insulin therapy. In this connection SakeP® states, “ .... it has 
become apparent that in the solution of these problems (of insulin 
therapy) psychiatry Avill be brought to medicine and medicine will 
come to psychiatry.” 

The belief that insulin is of benefit in the treatment of the schizo- 
phrenic is expressed by Easton’* who states, “It appeal’s to me that 
in insulin we have a drug by means of which we can alter the clinical 
picture in schizophrenia. Whether the treatment ever becomes estab- 
lished time alone will tell. I do not believe the drug is specific in its 
action, but it seems to affect the patient in such a way as to make him 
more accessible and hence responsive to other recognized forms of 
treatment, sueh as occupational and psychotherapy. The latter are 
very necessary adjuncts to the treatment. The personality of the 
physician and nurse will both be reflected in the results obtained. I am 
firmly convinced that one can do more for schizophrenics with insulin 
than is possible without it.” 

Young®* expresses his opinion after using insulin and metrazol for 
3 years by saying, “It must be said that this brief and superficial 
accounting of experiences with the newer pharmacologic methods of 
treatment in the schizophrenic and depressive psychoses shows them to 
be a valuable adjunct and an advance in therapy In the schizo- 

phrenic groups insulin or metrazol, or a combination of the two, are 
effective therapeutic agents, but it should be emphasized that the patient 

must be treated early Metrazol has been particularly effective 

in the treatment of the depressive reactions Finally, no matter 

how striking the results of any special method, treatment must continue 
along broad lines which focus the interest of the physician upon the 
patient and his adjustment to life situations, past, present, and future.” 

Early in 1936, Wortis reported upon the use of insulin therapy, and 
concluded with the remark, “The insulin treatment of schizophrenia 
promises to be either an unusual medical fiasco or a most remarkable 
discovery.” Some 15 months following this statement Wortis®®" felt 
the latter prediction was more likely to be true. 

The general “feeling” that insulin is of value has been e.xpressed by 
Strecker®’ in his statement, “While keeping in mind that after a certain 
duration of illness good results are obtained in a minority of cases, the 
results obtained in the first year of illness, at any rate, and probably 
also in the second, indicate that there is some real value in insulin treat- 
ment. It is only natural that those who have seen many new treat- 
ments come and go should wish to reserve their judgment, but I believe 
that most of those who have used or witnessed this therapy themselves 
cannot help feeling that it does constitute a decided advance in the 
treatment of schizophrenia.” 

Ross®- summarizes the results of both insulin and metrazol therapy 
as follows: “Beneficial results from treatment of all cases of dementia 
priecox of no matter what duration with insulin are much greater than 
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the results of the untreated group. The results of treatment with 
insulin are much better than the results obtained from cardiazol alone. 
Combination of cardiazol with insulin apparently assists the action of 
the insulin in selected cases. Treatment with camphor is not recom- 
mended by those who have used it in New York State Hospitals. The 
results obtained in cases where the duration is over 2 years not only 
justified the expense and time, but show it would be an error to neglect 
such cases. The recovery and improvement rates are progressively 
less according to the duration of the illness. The dangers of insulin 
therapy in the hands of e.xperienced and trained physicians are almost 
negligible. An active educational campaign should be carried on, so 
that an early diagnosis of dementia pracox can be made and treatment 
instituted at the earliest possible date.” 

Bond, Hughes and Flaherty® concur in these favorable impressions, 
but they sense the necessity of follow-up, and something of the differ- 
ence of opinion that arises in establishing the diagnosis of schizophrenia. 
They report, “ In every hospital using insulin-shock, the patients treated 
should be followed for 5 years. Another group of patients, or other 
groups, as near alike as possible should be followed for the same time 
as controls. It seems certain that relapses after favorcible responses 
will follow in all greiups. In the valuable paper just published by 
Malamud and Render it is stated that a study of the course and prog- 
nosis in schizophrenia should include the criteria used by the author 
in diagnosis. We take a little exception to this statement because it 
might give encouragement to more varying personal standards for 
schizophrenia. After all, it is safer for the psychiatrist to use the 
criteria put dovm in the official Slalistical Manual, and to work toward 
a definition which all can use. Insulin-shock therapy is not a complete 
answer. But the transformation of the patient’s condition is so imme- 
diate and favorable in a majority of cases that it will have place in, or 
provide suggestions for, a further therapy, and this without regard to 
rvh'ether good results last for an afternoon or indefinitely. It is only 
fair to remember that Sakel spoke of insulin-shock as the artillery in a 
general combined attack on the disease process. Insulin in conralsive 
doses alters the metabolic processes of nerve.” 

The reports thus far cited have dealt with the physicians’ ideas about 
the therapy. It is interesting to learn what the patient has to say 
about the treatment. Starks®® has reported that patients “. . . . receiv- 
ing insulin have little if any objection to the treatment and have no 
memory of a fear reaction. AH but a small percentage of patients 
receiving mctrazol find the treatments unpleasant and object to them 
in varying degrees. Of the metrazol-trcatcd patients, one-fourth ad- 
mitted fear of death in connection with the injections. .Mi imt (> 
the 47 patients rcceiHng mctrazol recognized that they were being 
treated for their sickness. These G interpreted the treatment a.s 
punishments. In many of those c.xpcriencing a fear of death and in all 
who regarded the treatments as puni.shment.«, it was pos.sible to correlate 
these reactions with previously existing morl)ifl trends. Both drugs, 
whether u.sed solely or successively, give rise to a feeling of increased 
physical Htality, reduce emotional tensions, promote lucidity and a 
realistic outlook on life, and assist in reintegrating intrap-sychic and 
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psychomotor processes. Both drugs pave the way for more effective 
psychotherapy.” 

Young and Young®’' see a certain danger in allowing our interest to 
become too diffuse in the search for some answer to the schizophrenic 
problem when they say the “ . . . . use of these methods carries the 
danger of arousing special interests along associated biochemical, physio- 
logic, and neuro-anatomic lines. While such studies are necessary and 
informative, one should attempt to understand the changes of function- 
ing of a part in terms of the integrative relationship of all the parts. 
There is also the danger of disregarding former disciplines and replacing 
them with a set of facts based on new methods of treatment. We feel 
that, no matter how striking the results of -any special method, treat- 
ment of psychiatric disorders must continue along broad lines which 
focus the interest of the physician on the patient as a psychobiologic 
unit with complex sets of integration, functioning in a variety of life 
situations, past, present, and future.” 

Technique of Administration and General Management. The tech- 
nique and general management of the shock therapies have varied a 
great deal since the original description outlined by Sakel and Meduna. 
The majority of authors outline their general procedures and stress 
any variation from the original methodology and phenomenology of 
these therapies. 'Variations on an original method seems to be one of 
the ways in which we try to progress in medicine, and a number of papers 
testify to this fact. 

In the field of insulin therapy the following variations have been 
observed; 1, Protamine zinc insulin has been used by many workers 
who are in agreement with the conclusions drawn by Reese and Vander 
Veer,®® “Protamine zinc insulin is not suited to hypoglycemic shock 
therapy for schizophrenia because (a) the effects of equal doses are not 
always the same; (b) the dose must be constantly varied, since no uni- 
form shock dose can be established; (c) closer laboratory cooperation, 
with frequent determinations of the blood sugar, is required with this 
compound than with regular insulin; (d) the danger of after-shock is 
greater; and (c) epileptiform shocks are somewhat more frequent. 
Shock therapy Avith protamine zinc insulin differs from that with regu- 
lar insulin, since (a) with large doses the fasting (morning) sugar level 
declines steadily, and (b) it is almost impossible to produce comatose 
wet shock.” 

2. The usual intramuscular route has been replaced by the intra- 
venous route in some clinics Avith the folIoAAnng results; Jones®' reports 
that coma is produced more quickly; hoAvcA^er, same amount of insulin 
is required by the intraA^enous as by the intramuscular route. 

Sherman, Mergener and Loav®^ compared the effects of coma doses of 
insulin administered intraA^enously and subcutaneously to psychotic 
patients and found the folloAAung: “In a group of 13 schizophrenic 
■ patients the blood sugar fell more promptly in response to coma doses 
of amorphous insulin giA'en intraA'enously than to those giA’^en subcu- 
taneously. The fall in blood sugar in response to coma doses of insulin 
given intruA’^enously occurs at about the same rate as in response to 
small doses, c. g., 10 units. In the latter case the blood sugar returns 
to normal Arabics rapidly, AA'hereas in the former it stays Ioav for a pro- 
longed time, so that coma ensues. The only practical adA-antage of 
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the intravenous administration of insulin is the shortening of the pre- 
coma period. There was no appreciable difference in the coma doses 
required between the two methods of administration. There was no 
significant difference in the complications resulting from the two 
methods of injection. Spontaneous emergence from coma produced 
by intravenous insulin is rare.” 

Polatin, Spotnitz and WieseH^* set out to produce insulin coma as 
quickly as possible and with a minimum of coma. They chose the intra- 
venous route of administration and found that 48 % of patients treated 
2 weeks or longer, showed improvement. They felt this route of 
administration had numerous advantages over the usual hypogij'cemic 
shock technique. The shock period was shortened ; patients recovered 
spontaneously from the shock to drink the dextrose solution; none of 
the patients had convulsions or received any detectable injury; the total 
amount of insulin per patient was less than that required subcutaneously 
to produce coma; a minimum of nursing super\dsion was necessary. 

Polatin, Spotnitz and Wiesel'*®*' extended the uses of intravenous insu- 
lin to ambulatory patients with mental disease. In a group of IS 
patients they found that mild hypoglycemic shocks were of consider- 
able value. They reported that in "81 % of the patients so treated 
there was definite improvement. Tlie beneficial effects are slowly 
cumulative. It was also observed that in some cases of dementia 
prrecox this therapy is necessary over an indefinite period of time in 
order' to maintain such patients on some level of social adjustment. 
This form of therapy warrants further investigation as to its effects 
upon the disorders of the central nervous system.” 

3. An interesting use of insulin has been the administration of sub- 
shock doses to schizophrenic patients. Bennett and Miller^ found that 
subsiiock doses of insulin were of value in controlling most of the prob- 
lems of management of uncooperative patients, and corrected difficult 
feeding problems. They did not consider this therapy curative, al- 
though in their series many favorable remissions did occur. In addition 
to the papers already mentioned, other papers have dealt with interest- 
ing phases of insulin technique. For instance, McGregor and Sandi-son^" 
report the use of potatoes used in connection with sugar in the interrup- 
tion of the coma. They, too, report the intravenous route of admini.s- 
ration with an average saving of 46.6% of insulin. 

Hunt and Feldman-^ have pointed out that more rapid absorption 
appears to take place if the sugar solution is well-diluted and warmed 
before tubing the patient to terminate the insulin shock. 

4. The most interesting variation in the administration of hotii 
metrazol and electric shock has been the introduction of curare by 
Bennett.^ *'-'* The introduction of this drug made it possible to con- 
tinue the use of metrazol and electric shock without the danger of 
inducing the fractures so prone to occur in these treatments. Bennett 
has also used scopolamine in the convulsive therapies and reports: 
“Intocostrin (standardized curare) is a valuable adjunct to convulsive 
therapy in that it removes the danger of fractures, particularly the 
vertebral type, sprains, backaches, and other unpleasant complication.- 
which have occurred in this type of treatment. It makes it po.ssiblc to 
applv the therapy to mental ca.ses who would be deprived of it because 
of some skeletal defect. Scopolamine is effective in reducing appre- 
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hension and post-convulsive restlessness in patients receiving convulsive 
therapy, particularly in those who have had no previous fear reactions. 
The combined effect of scopolamine and curare has been found almost 
completely to eliminate post-convulsive excitement.” 

Complications. The complications of the shock therapies have pre- 
sented many problems, some of which have been solved, and others 
which have not been adequately explained. Probably the most serious 
complication of these therapies has been the injury to the skeletal 
system. Polatin, Friedman, Harris and Horwitz^®“ reported that of 
173 patients treated with h5q3oglycemic shock therapy, 62 (36%) mani- 
fested epileptoid convulsions. Of these patients who were available 
for roentgenographic examination, 34 (20.5%) revealed compression 
fractures of the vertebrae. The same authors reported^®* an incidence 
of 43.1% compression fractures in 51 cases treated with metrazol 
therapy. Along with the compression fractures of the vertebral bodies^ 
fractures and dislocations of other bones have occurred. Femur, 
humerus and scapula have been fractured, while jaws and shoulders 
have been dislocated. The technique of administration has been 
altered in an effort to lessen the incidence of fractures. Curare has 
been very effective in preventing fractures; howev'^er, in our own clinic 
compression fractures of the vertebrae have occurred in 2 cases prepared 
for electric shock therapy by curare. 

In addition to the use of curare as a means of protecting the skeletal 
system, other devices such as braces, casts, or specially designed beds 
to insure adequate hyperextension have been introduced. 

The prolonged hypoglycemia, seen in most clinics treating patients 
with insulin shock, is probably the second most frequent complication. 
Some workers have suggested that protracted shocks should be induced 
for therapeutic reasons; however, KanF® cautions against such a pro- 
cedure since he feels that in protracted shock there lies a danger of per- 
manent organic brain damage. Lester®^ studied a series of cases 
suffering from a prolonged insulin coma and reported a mortality rate 
of 16%. He urged the avoidance of such a complication, and con- 
cluded that such a complication was not followed by improvement. 
Although a few dramatic improvements have occurred, prolonged coma 
should not be induced. Cleckley and Templeton^® have witnessed pro- 
longed non-hypoglycemic coma in 6 cases which failed to respond to 
extensive treatment with thiamin bichloride, nicotinic acid and ribo- 
flavin. Two of the cases came to autopsy; however, no adequate cause 
was found for the failure to awaken. Since prolonged coma is an un- 
predictable and dangerous complication, they advise the routine 
administration of protamine to all patients who develop this complica- 
tion. Likewise they suggest riboflavin, nicotinic acid and thiamin 
chloride be used prophylactically in all cases undergoing treatment. 
The clinical signs seen in cases of prolonged coma have been explained 
by Binzley and Anderson® on a basis of actual cellular pathology. They 
consider the process to be an encephalopathy caused b 3 " interference 
with normal oxidation processes. Frostig'® feels that the protracted 
shock occurs «nly in cases where the medullary phase was allowed to 
develop and persist for some time. In explaining this phenomenon, 
Frostig first places emphasis on the disturbed function of the medullary 
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nuclei, and second he feels that the continued carbohydrate deprivation 
of the control cells is a factor. 

Epileptiform seizures frequently occur as a complication in the course 
of insulin shock therapy. Goldman-* analyzed 3119 periods of hypo- 
glycemic shock and found that the con\'ulsion in hjT)oglycemia is a 
characteristic of indi\aduals and not the method. Individual suscep- 
tibility varies greatly. Therapeutic benefits from this type of con\'ul- 
sion are questionable; however, cases have been seen to improve 
following a con^^llsion during hypoglycemia coma. Finiefs*® reports 
such a series of cases in which convulsions occurred either spontaneously 
or were induced by metrazol. He felt that the occurrence of con\'ul- 
sions during the actual coma enhanced the value of the therapy. This 
is not the general consensus at the present time. Laryngeal spasm,”® 
subarachnoid hemorrhage,*^ cerebral insult,^ status epilepticus-® and 
anaphylactic response^ have been mentioned as further isolated com- 
plications of insulin therapy. Likewise, pulmonary edema, cardiac 
collapse, and changes in the control nervous system have been stressed 
by O’Neil*^ who observes that considering the amount of insulin ad- 
ministered, and the repetition of the treatment, it is remarkable that 
complications have not been more frequent. 

The death rate from shock therapies shows a low incidence of 23 per 
10,000 patients treated with insulin, and 23 per 10,000 patients treated 
with metrazol as cited by Kinsey.^ 

Considerable experimental animal work has been performed in an 
effort to ascertain the effect of the shock therapies on the central ner- 
vous system. Arieti* reported on 5 monkeys after raetrazol-induced 
convulsions that the changes were not always proportional to the num- 
ber of con\'ulsions. Pathologic changes when found consisted of small 
groups of cells which presented acute degenerative changes, or, m 
some cases, the severe type of degeneration described by Nissl. In 
2 cases anemia of the external cortical layers, anemic and hyperemic 
foci in the inner areas and generalized breaking up of the network of 
capillary blood columns were observed. These changes were considered 
functional and not responsible for the cellular lesions. 

Cleckley, Bo%vles and Mettled* observed more striking changes in 
animals treated with metrazol. The lesions noted consistently ap- 
peared to be secondary to vascular constriction or vascular changc.s. 
No direct relationship existed between the degree of neuropathologic 
change and the total amount of metrazol; however, the degree and 
extensiveness of the lesions corresponded in general to the number and 
severity of the seizures. 

Neubuerger, Whitehead, Rutledge and Ebaugld® induced electrical 
convulsions in 12 mongrel dogs. The findings were loss severe than the 
changes found following metrazol injections. In the latter, the most 
important lesion is in the cerebral cortex. More or less complete 
necrosis of the nervous parenchyma was observed in small circumscribed 
areas. _ . , 

Not all the deaths re.sulting from these tlierapies have been studicn 
histologically, but sufficient numbers have been studied to give a 
glimpse of what happens to the brain. Weil ami Liebcrt'^ .studied^ 

0 patients treated with metrazol injections and found the outstanding 
histopathologic features to be rnarkeil hypertrophy and hyperpla.=i/i o 
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astrocytes and, to a lesser degree, of the microglia. Involvement of 
the ganglion cells was less pronounced, although in 1 case of involutional 
melancholia there was generalized severe degeneration of the neuron 
with neuronophagia. These changes show a striking similarity to the 
changes found in experimental animals. 

Jansen and Waaler^^ reported pathologic changes in 6 schizophrenics 
and 1 depressive who had been treated with insulin. In 3 of the cases 
the cause of death was considered cerebral in nature. In 1 of these 
cases the brain changes consisted of ischemic alterations in the cortex, 
diffuse proliferation of glia and slight vascular changes. In the other 
2 cases, the changes included more extensive ischemic necrosis of the 
cortex in the frontal and temporal lobes, partly with hemorrhagic 
infarction. In the other 4 cases, there were only isolated subarachnoid 
perivascular effusions of blood and hyperemia. 

Ebaugh, Barnacle and Neubuerger'^ report 2 deaths resulting from 
electric shock. In the first case, a man 59 years old suffering from a 
depression, the cause of death was due to coronary occlusion and myo- 
cardial infarction. In the second case, a man 52 years old, and suffer- 
ing from a manic reaction, the general autopsy findings were negative. 
It was assumed the total outcome was due to postconvulsive respiratory 
arrest. Both cases showed rather widespread, but not serious, histo- 
logic changes in the brain. 

Electrocardiographic and Electroencephalographic Findings. Closely 
allied to the complications frequently observed in shock therapies are 
the changes seen in the electrocardiogram and the electroencephalogram. 
Bellett, Freed and Dyer^ took tracings on 40 patients during 58 shock 
treatments, and noted changes in two-thirds of the eases. These 
changes consisted of depression of the ST segment, diminution of the 
height of the T wave, prolongation of the QT interval, auricular fibrilla- 
tion, auricular extrasystoles, shifting forewaters, sinus arrhythmia and 
sino-auricular heart block. 

Messinger^^ reports that the most frequent electrocardiographic ab- 
normalities in hypoglycemia are seen to be flattening and inversion of 
T waves and sinus arrhythmias. Other changes which have been 
noted are pathologic “q” waves, changes in II and S voltage, slight 
widening of the QRS complexes, appearance of “V” waves, appearance 
of auricular and ventricular extrasystoles. Goodrich and Smith^^ 
believe that the most frequent electrocardiographic change associated 
with prolonged insulin hypoglycemia is a lengthening of electrical 
systole. They further state that important electrocardiographic 
changes do not occur during severe hypoglycemic coma, nor does 
repeated hypoglycemia produce any persisting changes in the electro- 
cardiogram. Sonenthal and Low“ are in agreement with these state- 
ments and go further in stating that electrocardiographic records follow- 
ing investigations of metrazol and insulin treated patients reveal no 
evidence of myocardial damage months after termination. Electro- 
cardiographic studies were made on 50 schizophrenic patients treated 
with metrazol by Levine, Piltz and Reznikoff.^® One hundred electro- 
cardiograms Avere taken, 50 before and 50 after treatment. In only 
2 patients were the changes considered significant and in each case they 
were believed to be transient. ■ 

Measurement of brain potential during insulin hypoglycemia has 
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been reported by Hoagland, Rubm and Cameron.^ In a series of 
35 tracings taken on 6 patients during insulin shock tliey report a 
progressive decline in alpha-wave-frequency of some 40%, whicii 
parallels with a time lag of some minutes the declining blood sugar 
curves. Sugar injected during coma restores the frequency along a 
smooth curve. The alpha-frequencies are believed to be directly pro- 
portional to the rate of carbohydrate metabolism of the cortical cells 
producing -the rhythm. It is interesting that the same authors,-' re- 
porting later on the “Delta Index,” stated that in the schizophrenic 
patients treated with hypoglycemic shock they have found no special 
brain curves qualitatively different from those found in normal persons. 

Modus Operand!. Perhaps the most fascinating question raised by 
the shock therapies is the manner in which improvement occurs or the 
modus operand! of the shock therapies. No one has hit upon an e.xpla- 
nation xvhich has met xvith the approval of the majority, but certain 
theories have appeared and reappeared which warrant our attention. 

The fundamental physiologic mechanisms involved in shock treat- 
ment are unknomi, but the diminution or suspension of brain metabol- 
ism during treatment seems significant.^* Freudenberg'* states that, 
“Although the metabolic findings in schizophrenia are not absolutely 
specific, the following hypotheses concerning its basis and the mechan- 
ism of cure can be regarded as established. In schizophrenia there is 
probably' a primary disturbance in cerebral respiration, perhaps due to 
some lack of oxygenating substances. This disturbance leads to a 
collection of toxic products, probably originating from the protein 
metabolism. Insulin therapy induces the o.xybiotic processes necessary 
for detoxication and also an irritation of the ceil membranes, whicli 
results in an increased exchange between the cells and their surround- 
ings. Similar but more sudden changes take place in cardiazol therapy." 

On the basis of observations of clinical symptoms, cerebral oxygen 
utilization, blood sugar level and electrical activity of the brain, Hiin- 
wich, Frostig, Fazekas and Hadidian"^ were able to conclude that a.s a 
result of the hypoglj’cemia caused by the administration of insulin, the 
metabolism of the brain is diminished. 

Spiegel and Spiegel-AdolF® attempt to explain the convulsions in 
metrazol and insulin therapy due to an increase in the permeability of 
the cellular surface films. This increase facilitates the e.xchange of ions 
between the cytoplasm and its environment and the removal of product.s 
of its metabolism. 

Many are not satisfied with even this partial explanation on a physio- 
logic or organic basis, and they therefore propose a theory on a p.sycho- 
logic basis. Improvement is considered due to the patient’s cx'pcricncc 
of the treatment as a threat to his existence, or as punishment, or as 
death and rcliirth, 

Jessner and Ryan’'^' feel that hypoglycemia changes tlie organi.sni m 
such a way that the patient becomes able to turn his affection and h'^ 
interest to per.'jons and objects of the outside world and so to give up 
his narcissistic isolation. Whether this altered attitude is merely tem- 
porary or becomes permanent depends greatly upon hi.s capacity to 
endure reality, with its alluring and threatening qualities. 

The status of our understanding of the tnodus opcrandi is best sum- 
marized by Miillcr’.s*- statement, “Neither the endocrine phase of the 



NEUROLOGY AND PSYCHIATRY 


151 


treatment nor brain pathology, nor the question of convulsions, nor the 
soothing, quieting effect, nor failing consciousness, nor the potent 
psychic shock .... is alone sufficient to solve our problem.” 

Psychologic Factors. Various psychologic tests’' have been used 
to determine the changes which take place during treatment, and on 
the whole these tests tend to indicate what benefits may be expected 
of the treatment. The Goodenough tesT® has shown that some patients 
have been harmed by the therapy instead of helped. 

The Rorschach test has been used to show improvement following 
therapy,-® to predict the outcome of therapy, and as a prognostic 
guide.^''®'“ Piotrowski^^'' claims that if only those patients who show 
that color has meaning for them were treated, the percentage of im- 
provements would be increased. 

Follow-up Studies and Prognostic Factors. Coupled with the Ror- 
schach test, good clinical practice and observation are , of great value in 
predicting the outcome of the schizophrenics treated with insulin. 
According to Cheney and Clow®® the dementia prsecox patient who has 
the best outlook for recovery or improvement following insulin therapy 
is a male under the age of 30 who has had a comparatively adequate 
prepsychotic personality, whose psychosis had an abrupt onset with a 
definite external precipitating cause. He will have been sick less than 
a year before the institution of treatment; he will have shown an 
e.xcited catatonic state without evidence of what we have called deterio- 
ration, which is defined as consistent lack of attention to personal 
habits, bizarre behavior, disconnected thinking, and apathy. Con- 
versely, the patient not likely to benefit by hypoglycemic treatment 
will be a female over 30 who, with an inadequate personality, insidiously 
and without definite external precipitating cause, has developed over a 
period of more than a year before treatment a mixed form of dementia 
prrecox with evidence of deterioration as defined above. Of great sig- 
nificance is Cheney’s remark that patients who will benefit by insulin 
treatment Avill have the same characteristics as those benefited formerly 
with other forms of treatment. This supports our conviction that 
insulin does not have a specific curative effect, but that it may bring 
about changes that accelerate or facilitate improvement in those who 
have the constitutional capacity for such improvement or recovery. 

Wall®® found in a study of 37 schizophrenics that those cases which 
shoA^’^ed typical schizophrenia, presence of considerable emotional reac- 
tion, a history of some attempt at sexual adaptation, and manifestation 
of se.xual interest in the psychotic state would be benefited by insulin 
shock treatment; Avhereas those patients Avho reacted poorly to the 
treatment shoAved the folloAving factors ; “ Very frequently came from 
a poorly integrated family AAnth little solidaritA" among its members. 
In many instances as children they AA^ere considered in some respect 
different from the other siblings. They adapted to school in a some- 
Avhat Avorse than aA^erage fashion and shoAved a lack of ambition. 
They shoAved very little sexual interest prior to the psA'chosis and there 
AA’ere no OA'crt se.xual manifestations other than autoeroticism during 
the psychosis. Almost all of the patients aaRo exhibited autistic behaA’^- 
ior (mannerisms, grimacing, posturing, etc.) failed to respond. They 
shoAA'ed a picture of typical schizophrenia Avithout extraneous ad- 
mixtures.” 
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Ry mer and Ebaugh^ noted that follow-up reports on the sliock thera- 
pies are relatively scarce, and the majority of these are reported for 
only short periods, although many workers warn against interpreting 
results based on too brief study. Malzberg,^^ in a series of 1039 schizo- 
phrenics in the New York State Hospital set-up, found that the number 
of patients who had been reported as “recovered” at the termination 
of their insulin therapy remained constant at the end of the first year, 
but that the percentage “improved” dropped from 65.4% to *49% 
during this period. However, this represented a significant improve- 
ment over patients with schizophrenia who did not receive insulin 
shock therapy. In a later article, he and his coworkers, Ross, Rossman, 
Clive and Schwoerer,^^ report that records and results are so poorly 
standardized that little can be concluded as to the real efficiency of 
insulin therapy, and they urge the establishment of “uniform criteria 
for the interpretation of the results of treatment.” 

Ruslander^ in a series of 55 cases treated with insulin found that 
44% of the cases were sufficiently well to be discharged at the expira- 
tion of 1 year’s parole. He noted a lack of improvement in patients 
ill longer than IS months. Robinson^' reports 90 % “ excellent results " 
in 13 patients 18 months after treatment. Bond® followed a group of 
125 patients for 2 years and found that while one-half of all patients 
treated showed improvement at the termination of treatment, one-half 
of these had relapsed by the end of the second year. Somewhat better 
results were obtained in cases with an acute onset: two-thirds of these 
showed improvement, although one-half had relapsed at the end of the 
second year. Rymer and EbUugh“ in reporting the follow-up of 400 
cases treated with shock therapies draw no conclusions as to the superi- 
ority of this type of treatment over that of careful non-shock therapy, 
but believe that the work is still experimental and requires intensive 
study on comparable groups over long periods. 

Franklin G. Ebaugii, M.D. 
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Acetate and Intestinal Motility. J. F. McClendon, John Scott, 
W. C. Foster and Morton J. Oppeniieimer (Laboratories of Physiol- 
ogy, Hahnemann Medical College and Temple University School of 
Medicine). The senior aiithoF suggested that the laxative action of 
“roughage” is due to carbohydrate fermentation (acetate). In testing 
this hypothesis tve found that we could increase the weight of the 
feces of a rat 10% by feeding acetate but 1000% by feeding agar or 

1 McClendon: J. Biol. Chcm., 87 (Proc. XXIV, vii), 1930. 
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alginic acid (althougli these are to a large extent broken do\\'n by 
fermentation in the gut and the bulk of the feces cannot be ascribed to 
unaltered “roughage”). The difference is probably due to the fact 
that acetate fed as such is totally absorbed in the proximal part of the 
intestine whereas the acetate arising from fermentation of “roughage” 
is continually produced through the whole length of the intestine. 
Balloons were introduced at various levels into gut of trained or anes- 
thetized dogs or rabbits and acetate introduced in the region of the 
balloon or elsewhere. The frequency of contractions remained constant 
but they varied in amplitude. The pH of the acetate did not seem to 
make a difference. The moderate pressure in the balloon was itself a 
stimulus to increased amplitude and was kept as constant as possiijie 
during an experiment. When the acetate reached the region of the bal- 
loon a greater effect on amplitude was obtained than when tlie bal- 
loon was in a Thiry- Vella fistula to which the acetate had no access. 
Even when the balloon pressure was minute or negative (Biebl exterior- 
ized gut) the acetate increased the amplitude. Sixty cc. of N sodium 
acetate given by stomach tube to a fasted dog caused it to defecate in 
25 minutes and 100 cc, caused another to vomit in 12 minutes. 


Studies in Serum Protein Fractionation by Salt Precipitation in 
Infants and Children. Milton Rapoport, Mitchell I. Rcbi.v, and 
Dorcas Chaffee (The Children’s Hospital of Philadelphia and tbc 
Department of Pediatrics, University of Pennsylvania School of Medi- 
cine). Plasma proteins of healthy and diseased infants and children 
were determined, using both the Howe technique and the phosphate 
precipitant of Butler and Montgomery. Fibrin was also determined. 

Blood fibrin in healthy children was constant at all age levels studied, 
having tlie same value in premature infants as in older children. Total 
protein increased progressively with age, as did albumin and globulin. 
The albumin value attained the adult level in early infancy (2 montli.s), 
but the globulin values were still significantly low at 1 1 months of age. 
There was a constant reduction of a globulin fraction precipitating 
between 2.2 and 1.6 molar concentration of the phosphate precipitant, 
through the entire period of infancy. 

In ghmcTuhnephriiis, blood fibrin is elevated at all stages of tbc 
disease. In chronic glomerulonephritis there is reduction of the globu- 
lin and albumin, and also of a globulin fraction precipitating between 
1.2 and l.G molar concentration of phosphate precipitant; this .same 
fraction is increased in acute glomerulonephritis, returning to norma 
with compiete. Tccovery from the disease. 

In the nephrotic sipuhomr, plasma fibrin is increased and serum alnu- 
min markcfily reduced. Even though glol)uiin was normal by 
Howe technique, a reduction in the globulin fraction precipitating 
tween 1.2 and 1.6 molar phosphate precipitant was found. 


Reproduction and Lactation of Mice on Highly Purified Diets. 
Cl.^iue Fosteh, ,f.\.MHs II. Fkjed.\ Douk.m.k.v and Hrni . • 

KoIII.KU (Departinent.s of Pediatrics and Pliy.siologieal Ciicini-tr.', 
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University of Pennsylvania School of Medicine). Mice have been 
raised to the fourth generations of offspring on a basal diet composed 
of purified fibrin 25 %, salt mixture 4 %, regenerated cellulose 4 %, and 
glucose 67 % with the following supplements added to 100 gm. of the 
basal diet in the amounts indicated: Linoleic acid 2 ml., alpha-toco- 
pherol 6 mg., crystalline vitamin A 100 y, naphthoquinone 5 y, cal- 
ciferol 2.5 7 , thiamine hydrochloride 1 mg., riboflavin 1 mg., pyridoxine 
hydrochloride 1 mg., calcium pantothenate 6 mg., nicotinic acid 6 mg., 
inosital 6 mg., para-aminobenzoic acid 15 mg., and choline chloride 
60 mg. Fertility as determined by litters born per females mated and 
by size of litters was about equal to that of animals on a good stock diet 
but growth and survival to weaning were definitely below normal. The 
subnormal growth became more noticeable as the number of generations 
increased until in the Fs generation the young were so small at the wean- 
ing age of 21 days that many of them removed from their mothers at 
that time died. Two females of the Fs generation were mated and gave 
birth to 15 young of which only 2 survived to weaning. In all 73 fe- 
males were mated and 63 litters were born totalling 447 young. Of 
these, 272 (61 %) were weaned. This compares with the weaning 
of about 85 % on our regular stock diet. Whether the ultimate failure 
depends upon an insufficient amount or an imbalance of the presently 
recognized factors or the absence of an unknown factor remains to be 
determined. 


The Relation Between Oxygen Consumption and Cardiac Output in 
the Presence and in the Absence of Cardiac Disease. Isaac Starr 
and Leon Jonas (Hartzell Department of Research Therapeutics and 
William Pepper Medical Laboratory, University of Pennsylvania). 
The change in the amount of the circulation for a given change in O 2 
consumption has long been of interest. 

Assembling the experiments of numerous investigators in which O 2 
consumption was increased by exercise, Boothby and Rynearson drew 
a straight line through the data. This line was not a calculated regres- 
sion ; it indicated that when the O 2 consumption doubled the circulation 
increased by about 60 %. 

This relation has also been investigated in lij’^perthyroidism. For a 
doubled oxygen consumption Liljestrand and Stenstrom found the 
circulation to increase about 120%; Fullerton and Harrop about 138%; 
and Boothby and Rynearson about 72% on the average. Combining 
the data of the last two papers the line drawn by Boothby indicates 
approximately a 1 to 1 relationship between increases in circulations 
and O 2 consumption. 

All these data may be criticized, for as the value for the O 2 consumption 
was a factor in the authors’ estimate of the circulation in the cardiac 
output methods employed, so O 2 consumption and circulation (as cal- 
culated) were not independent variables and the relation between them 
was forced.' 

We have data in 32 cases of thyroid disease without cardiac complica- 
tions in which the estimations of O 2 consumption and cardiac output 
were completely independent. The calculated regression of these data 
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passes almost exactly through the origin and its slope is close to unity. 
The correlation coefficient is 0.84, any value over 0.28 being significant. 

^\e .also have similar data for 28 cases of advanced heart disease. 
This regression passes below the origin and its slope is close to 0.5. The 
correlation coefficient is 0.69, any value over 0.32 being significant. 

^\e conclude that, if the heart is normal, changes of metabolic rate 
in thyroid disease are accompanied by similar percentage changes in 
the circulation, a conclusion not far from the average result of our 
predecessors. In heart disease changes of metabolic rate are accom- 
panied by changes in the circulation about one-half as great. 
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Editorial Note to Medical Authors: We avjsh to call the special attention of 
author-contributors and readers of this Journal to two of the most frequent errors 
that appear in our manuscripts. 

The first — the misuse of "milligrams per cent”— is well covered on Pagc o5 of 
the American Medical Association's book entitled "Medical Writing”: "Rc'ailt* 
of chemical determinations are frequently expressed as ‘milligrams per cent or 
‘grams per cent.’ This means literally ‘milligrams (or grams) per hundred ratHt- 
grams (or gra'ms),’ which in most instances is not the information that the a'ltlior 
wislics to convoy. To in^re accuracy a writer should specify the unit used, such 0 -“ 
‘milligrams per hundred cubic centimeters' or * milligrams per 100 gm.' If a 
her of values are (s:c) given close together in a section or in a .short paper, it uniali.' 
is .sufficient to supply ‘per hundred cubic centimeters' the first lime the phra^ 
appears and to u.se merely ‘milligrams’ (not ‘milligrams per cent’) thereafter. c 
have become so wcarj- of correcting this fault — and yet probably h.avc overlooked 
in many cn-^cs — th.at we are taking this means of tijdng to reduce it for the futun - 
IVe hope that other journals, and especially the Journal of the .American Medic."! 
.As.«ociation with it.‘= large circuhation, will also emphasize the point. , 

AVe would like to regard the word ‘‘consider” a.s indic.ating tiiat the item 
under consideration or being mcdit.atcd upon, i.e,, th.at no conclusion Ikts liccn [ 

Tills is usually the first meaning given by dictionaries for thi.» word. Rc 
that, some dictionaries to the contrary notwithstanding, it i.s improper to U"^ c 
word where a decision has lieen rc.achcd; in which ca.se .some .such word ns •‘'■‘i 
be,” or "regard ns" or "lielicvc to lie" or "hold as an opinion” give the more exae 


meaning. 
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RHEUMATIC HEART DISEASE COMPLICATING PREGNANCY. 

A Study of 61 Fatalities. 

By George L. Hoffman, Jr., M.D., 

INSTRUCTOR IN OBSTETRICS AND GYNECOLOGY; ASSISTANT ATTENDING OBSTETRICIAN 

AND GYNECOLOGIST, 

AND 

William A. Jeffers, M.D., 

ASSOCIATE IN MEDICINE; SENIOR WARD PHYSICIAN, 

PHILADELPHIA, PA. 

(From the Department of Obstetrics and Gynecology, and the Robinette Foundation, 
Medical Clinic, Hospital of the University of Pennsylvania.) 

In Philadelphia during the decade 1931 to 1940 there has been 
no significant decrease in the maternal death rate due to rheumatic 
heart disease. The rate has remained between 2 and 3 per 10,000 
live births for the greater part of the 10-year period. This record 
offers a striking contrast to the reduction in the 'total maternal 
death rate during the same 10 years. The latter rate has shown a 
steady decline from 7.9 deaths per 1000 live births in 1931 to 3.1 in 
1940. 

We have been interested, therefore, in determining wbetlier the 
incidence of maternal deatJis due to rheumatic heart disease has been 
reduced to a minimum, and, if not, whether means might be found 
for preventing fatalities resulting from this disease. 

Method. Through the courtesy of the Maternal Welfare Committee of 
the local County IMedical Society, the abstracted case records of all mater- 
nal deaths occurring in Philadelphia during the decade 1931 to 1940 were 
examined. The records of patients having heart disease or suspected of 
having it were segregated. After further reference to the hospitals’ or 
physicians’ records of this group, a selected list of cases was obtained 
which met certain requirements. First, the presence of rheumatic heart 
disease had been established bj’’ adequate clinical or postmortem evidence; 
and second, death had resulted primarily from the heart disease or from an 
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obstetrical procedure employed because of it. The study was limited to 
the rheumatic form of the disease because this is the principal form of 
heart disease encountered in women of childbearing age; it is responsible for 
the great majority of maternal deaths due to heart disease. 

In the decade under consideration, there were 307,015 live births 
and 1789 maternal deaths in Philadelphia. Of these there were 
61 cases which met the above requirements and are the basis for 
this analysis. 

Preventability of Deaths. Of the 61 deaths in this series, 20 were 
regarded as preventable by the Maternal Welfare Committee.* In 
addition, a number of cases which were judged as non-preventablc 
did not recei^■e ideal care as outlined by such authorities as Slander 
and Ivuder*® and Hamilton, and from this point of view, may also 
have been preventable. Therefore, it is evident that the maternal 
death rate in Philadelphia due to rheumatic heart disease ean be 
further reduced. 

then can be done to reduce this rate? Our study attempts 
to show the manner in which the deaths occurred and, in addition, 
certain of the important factors contributing to the fatalities. By 
so doing, it is our purpose to reemphasize some of the special prob- 
lems which must be successfully combated in the treatment of preg- 
nant cardiac patients in order to lower the death rate among this 
group. 


PERCENTAGE OF DEATHS 



Fig. 1. — Di.stribution of maternal death aecordinK to the iyv^ of death. 


Manner of Death (Fig. 1). Cardiac decompensation, ineludin.c 
pulmonary edema, accounted for 39 (64%) fatalities. Sudden exitib, 
as from embolism, accounted for 10 (1()%) deaths; this group pro )' 
ably also included several imstances of acute congestive failure- 
Puerperal scjtsis with terminal cardiac failure was re.sponsii)le for 
9 (15%) deaths. Of the remaining 3 (5%) fatalities, 1 was due (o 

* Since lOSl, e.ich mutemal death which has occurred in Phil.adclidii.a hat I'* ^ 
mialvzw! anti l>y thi-i coinnuttec, art* tliProby rcaclipfl n't 

provValabilily of tht* tloath and the factors rcspoii'^ihU* for it. 
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subacute bacterial endocarditis, 1 to acute antepartal endocarditis 
and 1 to an uncertain cause. 

Relatio7iship of Death to Pregnancy and Delivery (Figs. 2 and 3). 
Fifty-two (85%) of the patients died after the 28th week of gesta- 
tion and 41 (67%) after the 35th week. Although it is apparent 
that death was generally delayed until the late stages of gestation, 
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Fig. 2. — Distribution of death with respect to the duration of gestation. 

PERCENTAGE OF DEATHS 

0 20 40 ■ 60 80 % 


P05T-PARTUM 


INTRR-PARTUM 


ANTE-PARTUM 


Fig. 3. Percentages of deaths in pregnancy, labor and puerperium. 

it did not usually take place while the patients were gravid. Forty- 
eight (79%) of the fatalities folloived delivery. Furthermore, 23 of 
these fatalities occurred in the first 24 hours postpartum. There- 
fore in our series, the first postpartal day is the most critical period 
of the childbearing act for these women. In contrast to this, the 
period of labor was relatively benign, since only 3 (5%) of the fatali- 
ties occurred at this time. That normal labor, at least in the first 
stage, does not critically increase the work of the heart, was further 
by the fact that we found little evidence of increasing 
cardiac distress during labor. We have emphasized only the first 
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stage of labor, since the second stage was in most instances extremely 
short, either because of the normal course of labor or due to prompt 
operative termination of it. 

Relationshij) of Death to the Cardiac Status. Since the majority of 
the fatalities in this series occurred following delivery, it seemed 
advisable to consider them in relation to the condition of the patients 
immediatel 5 ^ before delivery. In most instances, insufficient infor- 
mation was available on the patients’ records to enable us to grade 
their cardiac status according to the classification proposed by the 
American Heart Association. We have, therefore, classified them 
into three groups, graded as follows: Grade I includes patients who 
had maintained' cardiac compensation throughout pregnancy; 
Grade II, those who showed symptoms or signs of congesti\'e heart 
failure at some time during pregnancy, but who had regained a 
state of compensation before delivery; and Grade III, those who 
w'ere suffering from frank congestive failure at the time of the ter- 
mination of their pregnanc 3 ^ 

The distribution of 44 postpartal fatalities according to our 
classification is shown in Figure 4. Only 10 (23%) were Grade I 
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Fig. -1. — Distribution of postpartal deaths accordinc to the cardiac status prior 

to dcliverj'. 

cardiacs, while 14 (32%) were Grade II, and 20 (45%) were Grade 
III. Moreover, approximately three-fourths of the fatalities in tiic 
last group (Grade III) occurred in the first 24 hours postpartum, and 
were the result of cardiac decompensation. In contrast to thi.-. 
only one-fifth of the cases in Grades I and II died immediately 
partum. The majority of deaths in the.se latter two groups were due 
to delayed congestive failure, to some unavoidable cardiac accident. 
or to .sepsis. 

Method of Dclirrrj/. Of the 4t> jiaticnts dying postjiartmn, 2.'> were 
delivered per ratjbmm and 23 by Gc.'arean section. 4 lie majorit> <' 
Grade III cardiacs were delivered by section while the greater niim* 
her of Grades I and II fatalities were flelivcred vaginally. Ihc 
distribution of the ca.ves according to the manner in which dcat i 
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occurred and according to the time relationships of death to preg- 
nancy and deVn^ery was, with one exception, similar for the two 
groups : there was only 1 death from sepsis following vaginal delivery 
in contrast to 6 following Cesarean section. 

Comment, Since, during the decade under consideration, only 
61 cases ivere found which fulfilled the criteria as outlined for this 
study, it is cAudent that heart disease, even in a city where rheu- 
matic heart disease is endemic, is not a frequent cause of maternal 
mortality. It is equally clear, however, that every gravid woman 
with organic heart disease represents a potential fatality from her 
cardiac lesion and therefore requires special- care and consideration 
during her pregnancy. 

The results of this study confirm, in general, the findings of previ- 
ous investigators. The fatalities were principally due to congestive 
heart failure following delivery at or near term. If there is to be a 
significant decrease in the maternal death rate among cardiac pa- 
tients who are permitted to attempt childbearing, it must come 
through a prevention of congestive failure. 

The prevention of congestive heart failure prior to delivery is 
largely a problem in prenatal care. It means bringing each patient 
to delivery in the best possible cardiac status. The prevention of 
congestive failure and death after delivery is directly related to this 
status at the time of delivery. This is illustrated by our data, 
wherein it has been shown that almost 50% of the postpartal fatali- 
ties occurred among women who were decompensated at the onset 
of labor or at the time when termination of the pregnancy was 
undertaken. 

Most of the fatalities occurred after the 35th week of gestation. 
This is probably not to be explained by the stress of advancing preg- 
nancy, ■per se, since Cohen and Thomson^ have shown that the 
cardiac burden imposed by pregnancy decreases after this time, 
hloreover, from this study the burden of labor or the strain of 
operation did not seem to be critical. Even among those patients 
bordering on congestive failure prior to labor or operation, death 
or signs of increased cardiac distress seldom appeared during the 
actual labor or delivery. Confirmatorj'^ evidence for this observa- 
tion has been furnished, by Hamilton and Thomson,® Irving,^ and 
Gorenberg and McGleary,® all of whom have noted that congestive 
failure rarely occurs during labor, and implied that labor usually 
does not critically increase the work of the heart. On the other 
hand, Stander® and Jensen® believe that “labor carries a real danger 
of congestive failure to the cardiac patient.” This moot question 
deserves further study. 

Our data suggest that emptying the uterus is the primary factor 
precipitating death. This concept is supported by the following: 
First, the largest percentage of deaths from congestive failure in any 
24-hour period occurred in the first 24 hours following delivery, a 
jieriod during which usually no other primary factor excepting the 
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physiologic readjustment of the circulation has had time to exert 
its effect. This relationship held true irrespective of the type of 
delivery or the cardiac status at the time of delivery. Second, 
the histories of some of these patients stated that there was a 
definite, and at times dramatic, increase in cardiac distress occurring 
promptly following delivery. 

A number of hypotheses have been proposed to explain the 
mechanism of this phenomenon. We favor the concept that tlie 
emptying, and subsequent contraction of the uterus, forces blood 
from the large uterine vessels and sinuses into the general circula- 
tion. This autotransfusion seemingly cannot be properly distrib- 
uted by a damaged heart and congestive failure ma,y result. Nearly 
30 years ago Hirst® UTOte, “The most dangerous period (in the preg- 
nancy of the patient with valvular heart disease). ... is just after 
expulsion of the child, when the circulation is much disordered and 
an extra quantity of blood is throwm back upon the heart.” We 
are aware of no investigations wherein this clinical observation ]jas 
been tested. On the basis of this hj^iothesis. Hirst recommended 
venesection— a procedure which appears to be entirely reasonable. 
Hamilton and Thomson® have tried the effect of applying tight 
abdominal binders immediately after delivery. The rationale for 
this was to improve venous circulation by augmenting the respira- 
tory excursions of the chest walls and the diaphragms. Since we 
have not had personal e.xperience with either of these procedures; 
we are content to present them without recommendation, pro or con. 

From a study of fatalities alone, such as ours, we can make no 
definite statement concerning the relative merits of delivery per 
raginam or by Cesarean section. It is evident that the typical 
cardiac death may follow Cesarean section as well as vagina! 
delivery. The incidence of fatal sepsis following Cesarean section, 
however, is much higher than that following vaginal delivery. 
Hamilton, Danforth,® and more recently Gorenberg and Mc- 
Gleary® have emphasized the dangers of sepsis and other complica- 
tions following delivery of the cardiac patient by section. In view 
of these facts, and since the cardiac burden imposed by labor did 
not appear to be critical, it would seem that vaginal delivery is tiie 
method of choice for the majority of cardiac patients uncoinplicatt'd 


obstetricaliy. 

It is likely that the mortality rate due to rheumatic heart disease 
complicating pregnancy can be lowered. From this study certain 
recommendations seem justified: It is necessary to^ bring t he 
patients to delivery in the best possible condition. Thi.s can Iw 
done b}' early recognition of the heart disease; strict .supervision of 
the patient’s activities by both an obstetrician and cardiologist ; an<l 
the prompt recognition and treatment of eonge.stive heart failure. 
Immediate therapy of intcrcnrrcnt infection, and hosjiitalization 
prior to expected delivery arc u.scful measures. Partial digitaiijation 
prior to delivery is probably a wise precaution. It seems advisaiiic, 
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furthermore, to defer delivery, if possible, while the patient is 
decompensated, and in generd to deliver her by the vaginal route. 
Postpartum, signs of decompensation must be anticipated, and 
treatment promptly instituted if they appear. Since intravenous 
fluids may precipitate congestive failure, they should be avoided, 
particularly within the first 24 hours postpartum. 

Summary. 1. Sixty-one maternal deaths due to rheumatic heart 
disease in Philadelphia during the past decade have been studied in 
reference to their preventability. manner of death and certain factors 
influencing the deaths. 

2. Analysis of the manner in which death occurred among the 
cases studied indicated that the fatalities due to this disease resulted 
principally from congestive heart failure following deliver}^ at, or 
near term. 

3. Of the factors influencing death, the most important one 
amenable to control was the cardiac status of the patient at the 
time of delivery. Since this is almost solely dependent upon pre- 
natal care, a significant decrease in the number of maternal deaths 
due to rheumatic heart disease can only be attained through an 
improvement in this care. 

Acknowledgment is made of the valuable assistance rendered by Dr. Mary M. 
Livezey in reviewing hospital records for us. 
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THE RECOGNITION OF VIRUS TYPE PNEUMONIA. 

By Ben E. Goodrich, M.D-., 

ASSOCIATE PHYSICIAN, CARDIO-RESPIRATORY DIVISION, HENRY FORD HOSPITAD, 

AND 

Henry A. Bilydford, M.D., 

resident rnVSICIAN, cardio-respiratory division, henry ford hospital, 

DETROIT, MICH. 

(From the Department of Medicine, Henry Ford Hospital.) 

Tiils report consists of a survey of 52 cases which have been 
diagnosed by clinical means as “virus type pneumonia.” The con- 
dition is a distinct disease entity and it is becoming evident that a 
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concept of the main features of this tj-pe of pneumonia is a valuable 
asset in the diagnosis and treatment of pulmonari' disease. 

In general hospital experience various types of pneumonias are 
encountered— pneumococcus, tuberculous, hemolytic streptocoec-us, 
staphylococcus, Friedlander’s bacillus and B. tularense and so on. 
Another interesting and rather common form of pneumonia has been 
previous!}' described and designated by many different anatomic 
terms. Our experience ivitli the clinical recognition of virus type 
pneumonia dates back to 1938 following the report by Reiraann” of a 
respiratory disease characterized in some instances b}' pneumonia 
and by recovery of a pneumonotropic virus. 

This variet}' of pneumonia, and its differing aspects from other 
more well known and readil}'^ classified pneumonias, has attracted 
considerable attention. Endemics of this respiratory disease have 
been reported since 1935, when Bowen" recorded his observations on 
89 cases of pneumonitis occurring among the troops stationed in 
Hawaii. The disease was mild and characterized by leukopenia, 
cough, spotty shadows in Roentgen Ray, few ph.i'sical signs other 
than rales and without identifying organisms in the sputum. The 
author represented the occurrence of pneumonitis to be a complica- 
tion of influenza. Another report of a similar nature was published 
by Allen* from Fort Sam Houston. It is interesting to note that b}- 
purelj' inductive reasoning Dr. Allen postulated the etiologic agent 
to be a virus. Accounts of outbreaks at Oregon State College** and 
Cornell University** have been published and call attention to the 
ease of transmission of the disease. 

Reimann,** previous to these latter reports, described a similar 
disease of considerabl}' more severit}' than that elsewljere reported. 
Eight cases of tracheobronchopneumonia, consisting of patients who 
became very ill with dyspnea, cyanosis, rather prolonged fever and 
marked sweating, were described. Reiraann also pointed out that 
in some cases the clinical course was biphasic, so that it might in 
this respect resemble psittacosis. The character of the disease sug- 
gested to him that the'etiologic agent was a virus. In a later report 
Reimann and Havens‘S discussed 407 cases of acute respiratory 
disease of which 25 presented pneumonia and were more severely 
ill than those with tracheobronchitis. Interesting descriptions of the 
clinical aspects of this disease were published in 1940 by Kneclaiid 
and Smetana* in New York City, where 52 cases with 1 death were 
observed, and also by Longcopc® who encountered 32 cases with - 
deaths during an outlircak at Baltimore. 

The chief obstacle facing investigation of the etiology of tlii> 
disease has been in the finding of laboratory animals whicli regularb 
exhibited pneumonia after intranasal inoculation with throat wash- 
ings. In 2 of Reimann’s first group of cases Stokes, Kenney and 
Shaw'® obtained results in experimental production and sena 
passage of pneumonia in ferrets. Ivater, Reimann reported indifier- 



RECOGNITION OF VIRUS TYPE PNEUMONIA 


165 


ent results using a similar technique in 11 of the cases from the 1939 
epidemic. Weir and HorsfalP^ repeated inoculation experiments, 
using ferrets as well as a great many other animals without success 
in demonstrating pathogenicity until they used the mongoose. This 
animal was shown to be very susceptible to the virus and convincing 
serial passage was reported. Eaton, Beek and Pearson® obtained 
different animal inoculation results but again showed a virus from 
cases of atypical pneumonia. Not onlj^ do these three separate 
investigations indicate a virus agent for this type of pneumonia but 
they also reported dissimilarity to other standard virus strains. 
Filter-passing differences and varying animal pathogenicity may 
possibly suggest the existence of more than one strain of a pneu- 
monotropic virus capable of producing a distinct clinical type of 
pneumonia in humans. 

The confusion in the literature of this type of atypical pneumonia 
is no wise lessened by the numerous anatomically descriptive names: 
“Acute Diffuse Bronchiolitis,”*® “Acute Interstitial Pneumonitis,”*^ 
“Acute Pneumonitis,”*® “Atypical Pneumonia,®-*® “ Bronchopneu- 
monia,®-®'®-** “Disseminated Focal Pneumonia,”*® “Influenzal Pneu- 
monitis,”® “Benign Bronchopulmonary Inflammation,”*® and others. 

The protean character of the disease as to the type of cellular 
reaction within the respiratory system is suggested by the variety of 
descriptive names mentioned. While awaiting additional proof of 
the etiology of the disease, the name applied is less important than 
its clinical recognition as a disease entity. The varieties of pulmon- 
ary involvement do not permit an anatomic designation, whereas 
many features consistently present justify the designation virus 
type pneumonia. 

This report is not a review of old hospital records to include cases 
of atypicalj pneumonitis with the intent of re-analysis. Only such 
cases are included as have come under our observation since 1938, 
within a period following Reimann’s first report. The disease is 
becoming more common and is frequently being encountered. In 
this 34-month period at the Henry Ford Hospital in respect to 
in-patients, this condition was seen almost one-fifth as often as 
pneumococcus pneumonia. In the last 6 months, from April to 
October, the proportion of virus type pneumonia to, pneumococcus 
pneumonia has been approximately as 6 to 7. 

Seventy-nine cases have been recognized as definitely belonging to 
this group. Our experience is described in reference to onl,i' 52 con- 
secutive cases where the period of observation and the absence of 
history of preexistent respiratory disease renders the facts more 
suitable of analysis. 

For convenience, the cases may be divided into three groups: 
25 were mildly ill, 17 moderately ill, and 10 severely ill. Chart 
1 summarizes certain features of one of the first cases recognized as 
suflering from this disease. Although the patient was critically ill. 
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leukocytosis was not present during the first week, and hrady- 
cardia was persistent. Repeated sputum axaminations revealed no 
penumococcus on direct typing and only commensal organisms were 
noted on sputum culture. 

In previous- reports the mild character of the disease was fre- 
quently stressed. Of the 52 patients liere reported there were 10 who 
became seriously ill, 4 of whom showed an illness of critical j)ro- 
portions. 



The disease was, generally speaking, noterl in \'oung .udidts pre- 
viously in good health. The average age of the group was 27.7, the 
oldest patient being 52 and the youngest 9; 50% occurred in the 
decade from 21 to 30. _ ' 

The onset was generally insidious and was markefl by tlic <!eveiop- 
ment of a cough which eventually became productive and ^'as 
associated with some discomfort in the chest. Chiilinc.ss ocenrren 
in tiiose more severely ill, but frank chills were cucoiiutcrcd in only 
a few instances. Headache, while not always present at tlie on.^et, 
often became an important feature and assurned distressing pro- 
portions after the second or third day of the disease. Malaise un( 
anore.\-ia were present in a minor degree, but cither or both were 
marked in about one-thirfi of the patients. ^ i wo indivKinal.' in 
whom joint pains were .salient complaints were initially siis])ccted o 

having rheumatic fever. , 

Murnpurulenf spnium, cither white or yellowish, was , 

ciuently mentioned; pink sputum containing small >^trcaks of > oj 
or ei'cn large amounts of red blood was also noticed. Only ■> pa 
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described rusty sputum. In almost one-fourth of the cases no 
sputum was present in significant amounts. 

By the time the patients appeared at the hospital, usually on the 
fourth or fifth day, a variable degree of fever (100° to 103°) was 
present in all mild or moderate cases. In severely ill cases the 
’temperature frequently was more elevated (103° to 105°). All 
patients who came under observation early in their illness, on the 
first to the third day, had rather low temperature elevations regard- 
less of the later serious proportions which the disease assumed, 
hlore than half of the patients exliibited a striking relative brady- 
cardia. Over three-fourths of the patients failed to have rapid 
respiration at the time of their appearance at the hospital generally 
on the fourth or fifth day. 

The chest findings on admission even as late as the fourth or fifth 
day often were insignificant and generally lagged behind roentgeno- 
logic changes. Often slight suppression in breath sounds was the 
only presenting feature of the chest examination. Moist or sibilant 
rales were elicited ordinarily at the end of inspiration in manj^ of 
the patients entering observation when their disease was more 
established. As the disease increased in severity for a variable 
number of days more chest findings appeared. Abundant moist 
type rales were present in almost every case; if not at the onset, 
they appeared as the disease reached its maximal proportions. 
Increasing impairment on percussion and suppression of breath 
sounds appeared later in many cases. Tubular or bronchial breathing 
occurred infrequently, generally being limited to the severely ill 
patients. 

The fever showed certain definite characteristics in almost every 
case. The temperature varied widely in 24-hour periods and as the 
disease reached the maximal stage, the lowest temperatures each 
d,ay approached the normal level. Very few cases showed high 
plateaus of fever. In most cases the admission temperature was 
quite elevated except in patients ivho entered early in the course of 
the disease. Fever was out of proportion to the general appearance 
and presenting sigils. In frequent instances before the development 
of physical signs, blood cultures, Widal tests, and other blood 
agglutinations were obtained because of the marked disproportion 
between the relatively high fever and low pulse. With the progress 
of chest developments and as the temperature began to fluctuate to 
lower limits the pulse became proportionately faster. The duration 
of fever varied in tlie 3 groups of cases: in mild cases 10.6 daj’s, in 
moderate cases 1 6.2 days and in severe cases 29 days. 

Generally speaking, the chest findings of rales and dullness became 
maximal as the temperature began to show lower fluctuations. 
Remissions of severe proportions occurred in about one-half of the 
very ill patients. There were no complicating infections observed 
either in the upper or lower respiratory tract. 
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the patients remained under observation in t)ie posijchrik 
period, the physical signs in the chest tended to persist for relatively 
long periods. Bronchiolar congestion with moist rales was the 
feature. Actual bronchial breathing, dullness, or on the other hand 
absence of chest findings, were encountered only' in a small number 
of patients. During this stage of the disease there was little malaise 
or anorexia corresponding to that seen in influenza. 

Laboraiory Data. The whife blood coiini in 55% of the cases was 
below 8000 on admission; higher counts were observed in a small 
number, in some instances possibly related to the more advanced 
stage in the evolution of the disease when medical aid was sought. 
Neutrophil percentages were also within normal range in the early 
days of the illness. In almost all cases the white blood count trend 
was initially' up and later down to normal. The differential count 
occasionally' showed a moderate left shift. 

Sputum typing performed at least twice in most of our cases both 
by' the Neufeld method and by' inoculation of mice, seldom revealed 
penumococci. 

Sputum showed no significant identifiable organisms. Such com- 
mensals as non-hemolytic streptococci. Strep, viridans, ]\Iicr. cata- 
rrhalis, rarely pneumococci, diphtheroid bacilli and occasionally 
staphylococci were cultured. In many' of the moderately' and 
severely sick patients sputum cultures were repeated at intervals to 
ascertain the presence of possible secondary' pyogenic invaders. The 
frequency' with which reports were returned showing “no growth” or 
“very few organisms present” deserves comment. 

Blood cultures were obtained at least once in each case and were 
nei'er positive. 

Urinalyses showed a transient 1+ or 2+ albuminuria in a rela- 
tively small number of the more severely ill patients. Hematuna 
of varying degree has been observed in a few cases. 

In 6 instances electrocardiograms were obtained because of the 
presence of gallop rhy'thm. Three patients, all severely' ill, showed 
abnormalities. In 2 instances T-W'ave abnormalities occurrc(i in 
Leads II and III. These changes were interpreted as po.'.'ibly 
reflecting increased cardiac strain. 

One of these individuals, a woman aged 50, had an extensive 
pulmonary' invoh'ement in both lungs as shown by pliy'sical e.vainmn- 
tion and Roentgen ray. Dy'spnea and cyanosis were niarkTd and 
the febrile period was very prolonged. A remission occurrefl 5 wecK'> 
following initial .subsidence of fever. During both primaryj and 
secondary' periods of fever the patient w'as flcscrii)cd l)y flilfereiit 
oliservers as being “aimo.st moribund.” Recovery' progrc.'.'(‘d very 
slowly. 

In a second instance, also in an older individual, after den.-e con- 
solidation had occurred in both lower lobes, and during the height 
of his illness with high fever and tachycardia, a transient pericardial 
friction rub was observed. Serial electrocardiograms sliowe<i a I'nJ- 
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longed PK conduction which subsequently returned to normal 
several weeks after the clearing of all symptoms and signs of his 
illness except for delayed resolution in both lower lobes. 

Pleural effusion was proven to have occurred in 2 instances and 
the fluid was sterile on culture. In each case the fluid was clear and 
light amber colored and contained only a few lymphocytes and 
polymorphonuclear leukocytes. Becau.se of clinical signs suggesting 
fluid, thoracenteses were performed in 3 other instances but no 
fluid was obtained. 

Roentgen Ray Changes. Excellent descriptions of the variety of 
Roentgen ray changes which maj'^ be found have been published by 
Kornblum and Reimann,® Kneeland and Smetana,'^ and by Long- 
cope.® Our cases exhibited the various types of Roentgen ray 
changes referred to by these authors. In general, the milder cases 
presented lesser amounts of infiltration than sicker individuals. 
The type of Roentgen raj^ change included small patchy densities, 
fine hazing often involving half of a lung field, a widespread miliary 
infiltration or a dense area occupying a portion of the lung and 
corresponding in appearance to “lobar pneumonia.” The areas 
seen in the lung showed a tendency to migrate to new locations on 
the same side or to the opposite side. In almost one-half of the 
patients both sides of the chest were ultimately involved. In the 
initial stages when the infiltration involved the apical region only, 
differentiation from early tuberculous exudation was impossible. In 
one patient (Case 2) a pneumothorax was begun before further 
developments regarding her clinical course and later information 
relating to contact with an established case of this disease came to 
liglit. 

In milder cases Roentgen ray densities were transient; in severely 
ill individuals the appearance of widespread floccular lesions or 
heavy density persisted for surprisingly long intervals. 

Tlie duration of positive Roentgen ray changes showed remark- 
able parallelism when compared with degree of morbidity. 


Minimum Duration of Roentgen Ray Changes. 


(1) 

25 

Mild cases 

Average 9 days 

Limits 3-21 days 

(2) 

17 

Moderate cases 

Average 17.3 days 

Limits 10-43 days 

(3) 

10 

Severe cases ^ 

Average 47 days 

Limits 15-90 days 


The accompanying table illustrates in a general way the \'arious 
Roentgen ray features presented by these cases. 


Roentgen R.ay Features. 


Bilateral 23 

Unilateral migratory 12 

Apical infiltration 7 

Difluse miliary or floccular 4 

Lobar density 10 


Several chest Roentgen rays are presented from 4 cases illustrat- 
ing some of the roentgenographic features of this disease. 
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Incjibation Period. In accord with other reports the incubation 
periods noted were from 10 to 26 days in 6 instances where there 
were definitely known exposures; the average period was 18.7 days. 
The details of these exposures indicate that the disease is readily 
transmissible. In one instance a patient (S. S., a psychiatric depart- 
ment nurse) visited her sister (O. S) only once during the latter’s 
hospitalization. Skteen days later the nurse became ill and e\'enti;- 
ally was admitted to the hospital where her disease assumed serious 
proportions. 

Source. Thirty-seven of the cases occurred in patients drawn 
from other than institutional sources, while 10 cases have occurred 



Fig. 1 (Case 1). 


among hospital personnel and 5 cases from among patients traii” 
ferred from the “sick bay” at tlie River Rouge Nava! Service 
School to this hospital. It is evident that this disea.se is no longer 
limited to institutional outbreaks involving younger age group?' 

Discussion. This group of cases is presented without any direct 
evidence that a virus was the causative organism. As lia.s hw’^ 
pointed out aiiove, investigation of the virus agent has been earrie< 
out by a numlrer of workers. Prior recovery of a virus from .‘^inular 
cases and the absence of .significant finding.s in sjuitum or bloo' 
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favor a non-bacterial etiology. Certain resemblances to other virus 
diseases in reference to course, length of incubation period and ease 
of transmission suggest the virus nature of this disease." The term 
“virus tj*pe pneumonia” for this form of respiratory disease appears 
warranted.'* 

The diagnosis pneumococcus pneumonia-® is receiving ■no'der usage 
now that more exact bacteriologic analysis has been introduced and 
it is probable that the designations lobar or bronchopneumonia may 
be less often applied. These latter names may remain as inseful 
terms in roentgenology and pathology. 



Fic. 4 (Case 2). 


Prompt recognition of this disease is important in order to prevent 
institution of possibly harmful therapeutic measures, or their enn- 
tinuation when obviously not helpful. In most instancc.s. a po.-itne 
diagno.^is caJi be made clinically. The history of an insidiou.s omet 
featured by headache, cough and chilliness with miicopiiriilcnt 
sj)Utum and some aching pain in the chc.st is characteristic. I cinper- 
aturc and pulse disproportion witli fever of considerable degree 
having a shaqily fluctuating course and falling by lysis is also a 
contributory feature in diagnosis. Generally the al.-e do not dilate. 
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there is no cyanosis within the first 4 to 5 days but there may lie 
considerable later. Distention of the abdomen and liver eongcstion 
are absent. There is no pleural pain of the type seen in pneumo- 
coccus pneumonia; instead there is an aching in the chest which 
may or may not be influenced by respiration. Even on the third 
or fourth day chest findings are insignificant in proportion to the 
degree of fever, generally there are a few rales late in inspiration or 
suppression of breath sounds. Initial chest roentgenograms are 
often not abnormal but later as more chest findings appear may 
reveal infiltration. The sulfonamide drugs are without effect in 
treatment. In doubtful cases where initially the diagnosis may be 
in question, a trial of these drugs may further help in establishing 
the diagnosis. As yet we know, of no definite laboratory test that 
gives positive evidence of the disease except methods designed to 
recover the virus itself from throat washings, and for best results 
this probably should be done within the first -3 days of the illness.” 

In regard to treatment, the only measures definitely indicated are 
symptomatic. Blood transfusions have been given to a number of 
our severely ill patients but there has been no constant response. 
Sulfonamide drugs, including sulfapyridine, sulfathiazole, and sul- 
fadiazine, have not shown any indications of value in treatment. 
Xeoarsphenamine has been tried in 3 cases without re.sults suf- 
ficiently promising to deserve comment. Oxygen may be admin- 
istered where dyspnea or cyanosis exist in significant degree, prefer- 
ably by tent with admixture of intercurrent use of carbon dio.vide. 

Only 4 deaths have been reported to date. One of these occurred 
in association with involvement of the central nervous system. The 
2 fatalities reported by Longcope occurred in indi^•iduals having 
mitral stenosis. The increasing frequency of the disease and the 
rather large number of patients in this group that were seriously ill 
suggest that deaths may become more numerous. It is not probable 
that deaths will be related to the harmful effects of secondary 
invaders such as occurred in the influenza pandemic. Longcope ha> 
stated that this disease, which has been differentiated from influenza, 
appears to increase the resistance of the patient to pyogenic organ- 
isms.® Our experience supports this statement. 

Franci.s® and other workers have observed a high antibody titer 
in re.spcct to influenza type A during the third decade of life, 
reports of \'irus type pneumonia have stressed the occurrence of the 
disease principally in this same age group. In the future it ma> he 
found that antibody titers for this virus differ sharply from those of 
influenza A virus. 

The increasing incidence and severity of virus type pneumonia 
indicate a rising viniience of the etiologic agent. In epidemic or 
pandemic form the mortality rate would be expcctcfl to inm'.a>e. 
especially in the older age group. It is probable such de.atlis vou < 
result from failure of the circulation in the presence of wiflcsprcn' 




Fig. 8 (Case 3). 
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pulmonary changes, which changes have been encountered already" 
in some patients. 


Table 1. — Diffekentiating Ckiteria in Three Types of Pneumonia. 


Pneumococcus. 


Incubation .... 

Onset 

Symptoms . . . . 

Cough 

Sputum 

Appearance 
Dilatation aim . 

Herpes 

Heart rate .... 
Respiratory rate 
Distention . . . . 

Fever 

Chest findings; 
Impairment . 
Tubular breathing . 
Rflles 

Sputum 

WBC 

Roentgen ray . 


Treatment . . . . 

Pyogenic complications 


1-2 days 
Abrupt 
Chill , 

Pleural pain 
Loose 
Rusty 
Toxic 
+ 

Frequent 

Rapid 

Elevated 

Frequent 

Maintained 

Early 

Frequent 

Variable 

Pneumococci 
Direct typing 
High 

Dense consolidation 


Response to chemo- 
therapy 
Not frequent 


Virus type. 

2-3 weehs 
Insidious 
Chilliness 
Headache 
Dry 
Mucoid 
Not toxic 
0 

Rare 

Slow (50%) 

Normal 

None 

Hectic 

None or late 
Rare and late 
Moist (end of inspira- 
tion) 

Occas. higher type 
Pneu. culture 
Normal 

Often bilateral lolrular 
(lobar and miliary at 
times) 

No response 

None 


Influenza. 

1-4 days 
Abrupt 

Repeated chills 
Aching 
Loose 
Bloody 

Markedly toxic 

+ 

Infrequent 
Slow at times • 

Normal 

Variable 

Remittent 

Infrequent 
Infrequent 
Fine crackling 

B. influenza often 

Streptococcus 

Low 

Variable diffuse 
Lobular 

For secondary invaders 
Very frequent 



Fig. 11 (Case 4). 
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Case 1. E. G., nurse, aged 30, 14 days after exposure, began Imnn? 
sjTnptoms of headaches, cough and fever and 6 days later entered the hos- 
pital. Temperature 104.2°. MTiite blood count 5100. Rales were audible 
in ‘left upper and there was slight impairment on percussion. Infiltration in 
left upper appears on the eighth day. Involvement in right lower showed on 
the twelfth day. Ten days later no Roentgen ray shadow remains on the 
right. Pneumothorax which had been begun after an initial diagnosis of 
acute exudative tuberculosis was discontinued. Recover}^ occurred. 

Case 2. C. H,, staff physician, aged 27, 23 days after e.xposure was 
admitted in the_ second day of headache, dry cough, and malaise. On the 
fourth day of his illness examination and chest Roentgen ray ivere essen- 
tially negative. ISTiite blood count 6800. Temperature was 101°. Soon 
after the appearance of rales in the right upper a chest film on the twelfth 
day show'ed parenchymatous infiltration in the right upper. After other 
films showed rapid clearing, a final Roentgen ray on the twenty-eighth day 
wms clear. 

Case 3. S. B., 21-year-old girl, was admitted on eighth day of illness 
consisting principally of cough, fever, malaise and aching in both sides of 
the chest. Temperature on admission 102.4°. White blood count 7S50. 
Chest Roentgen ray on admission (eighth day) showed dense consolidation 
in both loiver lung areas. Phy^sical examination revealed mainly dullness 
and rales bilateralfy in lowers. Another film on the nineteenth day showed 
a moderate amount of infiltration remaining. 

Case 4. D. W., 28-year-old Naval ensign, entered hospital on .seventh 
day with cough, severe sweats and fever. IWiite blood count 18,0.50. 
Temperature 99.2°. Chest examination revealed rales in left upper. Chc-t 
Roentgen ray showed consolidation in the mid-portion of the left lung. 
Six days later a film showed fine nodular appearance simulating hematogen- 
ous spread of tuberculosis. On the twenty-fifth day the lung fields were 
almost clear. 

Summary. 1. Virus-type pneumonia presents specific elinica! 
features permitting diagnosis by positive findings. Diagnosis by 
exclusion alone is seldom necessary. 

2. Chemotherapy with the sulfonamide group of drugs is nut 
indicated in this disease. Recognition of this disease may avoid 
needless and possibly dangerous therapeutic efforts. 

3. The initial roentgenographic appearance may closely simulate 
acute exudative tuberculosis. Progress roentgenographic study may 
he necessary' for dift'erentiation. 

4. There is evidence that this disease is now showing an inorea.'=i'>.~ 
incidence. This fact is not alone explained by familiarity with the 
clinical concept. 
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SULFADIAZINE IN PNEUMONIA. 

Treatment in 239 Cases.* 
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ASSISTANT VISITING PHYSICIAN, BELLEVUE HOSPITAL, 

Mennasch Kalkstein, M.D., 

ASSISTANT VISITING PHYSICIAN, BELLEVUE HOSPITAL, 

Sherwood W. Barefoot, M.D., 

RESEARCH ASSISTANT, BELLEVUE HOSPITAL, 

James Liebmann, M.D., 

ASSISTANT VISITING PHYSICIAN, BELLEVUE HOSPITAL 
AND 

Norman Plummer, M.D., 

ASSOCIATE VISITING PHYSICIAN, BELLEVUE HOSPITAL, 

NEW YORK, N. Y. 

(From the First [Columbia], Second [Cornell], and Fourth Medical Divisions, Bellevue 
Hospital, the Departments of Medicine of Columbia University College of 
Physicians and Surgeons and Cornell University Medical College, and the 
Committee for Pneumonia Investigation consisting of Drs. Russell L. Cecil, 
I. Ogden Woodruff, Asa L. Lincoln and Charles H. Nammack [the latter three, 
directors of the First, Second and Fourth Medical Divisions respectively], and 
the authors.) 

SuLFADi-VZiNE (2-sulfanilamido-pyrimidine) is the latest member 
of the sulfonamide group to be given extensive clinical trial in the 
treatment of pneumonia. Sulfapyridine was the first of these drugs 
to show a striking therapeutic effect in pneumonia, but from the 
start the almost universal occurrence of nausea following sulfa- 
pyridine militated against its use. Sulfathiazole was the next 
sulfonamide drug to have extensive use in pneumonia, and while 
there was less nausea and vomiting following its administration, there 
were other evidences of greater toxicity and, in addition, the clinical 

^ * This investigation has been conducted under a grant of the Josiah Maey, Jr. 
Foundation. The sulfadiazine was supplied by Lederle Laboratories, Inc. 
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response was not quite as certain as with sulfapyridine. Conse- 
quently, many physicians felt more secure in continuing to use sulfa- 
pyridine in the treatment of pneumonia in spite of the bothersome 
gastric symptoms which are produced. The data that are accumu- 
lating from the trial of sulfadiazine would indicate that: 1, it has 
a protective value at least equivalent to that of sulfapyridine; 2, 
it causes little or no nausea and vomiting; and 3, there is a low 
incidence of other toxic reactions. 

In August, 1940, Roblin, Williams, Winnek, and English® reported 
upon the synthesis and chemistry of sulfadiazine. In December, 
1940, Feinstone and his associates- described their experimental 
studies on the toxicity, absorption, and chemotherapeutic activity 
of this new sulfonamide drug. Their ex-periments in animals indi- 
cated that; 1, the blood levels of sulfadiazine were higher than 
those of the other sulfonamide drugs because of differences in absorp- 
tion and excretion; 2, the degree of acetylation of sulfadiazine was 
less than of sulfapyridine; 3, the acute and chronic toxicity was 
lower than that of sulfapyridine and sulfathiazole; 4, sulfadiazine 
had a high therapeutic activity against pneumococcal, streptococcal, 
staphylococcal, and Friedlander’s bacillus infections in mice. 

These experimental advantages have been borne out by clinical 
trial. Plummer and Ensworth,® Reinhold, Flippin, Schwartz, and 
Domm,® Peterson, Strauss, Taylor, and Finland,® and Sadusk and 
Tredway*® have reported findings that indicate: 1, with a given 
dosage, because of differences in absorption and excretion, higher 
blood levels are obtained with sulfadiazine than with sulfapyridine 
or sulfathiazole; 2, sulfadiazine acetylates to a lower degree than 
sulfapyridine; 3, the incidence of clinical toxicity is low. Rcinhold, 
Flippin, Schwartz and Domm showed also that sulfadiazine enter.s 
the peritoneal, pleural, and cerebrospinal fluids more readily than 
sulfathiazole. iVIore recently Flippin, Rose, Schwartz and Domin' 
have compared their experience with sulfadiazine in the treatment 
of 100 cases of pneumonia with a .similar experience with siilfa- 
tbiazolc. Their findings .showed again higher blond levels of sulfa- 
diazine, and also less acetylation with this drug. In addition, their 
figures .show a slightly lower mortality rate, a slightly more rapid 
clinical improvement, and a lower incidence of toxic reactions with 
sulfadiazine than with sulfathiazole. Finland, Strauss and Petcr.-on’ 
have reported the .snccc.s.sful u.sc of sulfadiazine in a number of infec- 
tions, including pneumonia, with infrequent toxic reactions. Dow- 
ling. Hartman, Sugar and Feldman' have reported favoraiily on the 
use of sulfadiazine in pneumocoeeic pneumonia. 

The present report represents our clinical finding.s in 2-39 paticnt> 
with jjuemnonia treated with sulfailiazinc at Bellevue Ilosintal 
during the winter of ] 0-1O-4 1 . These cases were part of an alternate 
scrie.s being carried out in order to ascertain the relative efficacy o- 
sulfonnmiiie drugs alone and sulfonamide drugs combined with 
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serum in the treatment of pneumonia. However, since this studj^ 
has already been reported'^ and because it reveals no appreciable 
difference* between the fatality rate, in the chemotherapy-alone 
cases and the chemotherapy-and-serum group, such a division in 
this report seems unnecessarjL Only cases of pneumococcus pneu- 
monia are included. The majority of the cases fall into the classifi- 
cation of lobar pneumonia, but a few might be called bronchopneu- 
monia. The sulfadiazine was administered orally in most of the 
cases and the usual dosage was 2 gm. initially and then 1 gm. every 
4 hours. All cases had routine sputum typing and one or more 
blood cultures. Frequent determinations of sulfadiazine level in 
the bood were made, as well as blood counts, urinalyses and Roent- 
gen rays. An initial blood non-protein nitrogen determination was 
obtained in each case. 

Effect 071 Fatality Rate. Table 1 shows the cases distributed 
according to pneumococcal type and lists the deaths in the total 
group as well as in the bacteremic group. In the total series of 
239 cases, there were 26 deaths (a fatality rate of 10.9%). Eight 
of the 26 deaths occurred in less than 24 hours after treatment was 
commenced, and with these excluded there remained 231 cases 
with 18 deaths (a mortality of 7.8%). Of the 239 cases, 42 (17.4%) 
were bacteremic, and of these, 13 (30.9%) died. The fatal cases 
were distributed quite evenly through the different types. While 
there were 33 T^^ie III cases in the series, there were only 3 fatalities 
(9.1%). The most striking record was obtained in Type II pneu- 
monia. Forty-two patients were of this type, and there were only 
3 deaths, 2 of which occurred less than 24 hours after treatment was 
started. Thirteen of the 42 Type II cases showed bacteremia and 
ail but 2 of these recovered; 1 of these 2 was a 24-hour fatality. 
The Type I group contained 44 cases with 4 deaths (1 of which was 
a 24-hour death) and 10 bacteremias with 3 deaths (1 of which was a 
24-hour death). The temperature chart of our most remarkable 
patient is shown in Figure 1. 

* Of the 113 patients who fell into the serum-plus-sulfadiazine group, G7 actually 
received serum, the rest having marked improvement by the time the typing was 
completed. Of these 67 cases, 16 were Type I; 17, Type II; 9, Type HI; 5, Type IV; 
2, Type V; 6, Type VII; 2, Type VIII; and 10 were higher types. 

Tlie results in the present series of 239 cases show a moderate difference in fatality 
rates in favor of sulfadiazine-plus-serum treatment, 9 of 113 patients (7.9%, or 
excluding 24-hour deaths, 5.5%) in this group having died. , Of the 126 sulfadiazine- 
only cases, 17 died (13.5%, or excluding 24-hour deaths, 9.9%). In view of the 
comparatively limited number of sulfadiazine cases, however, the significant figures 
in our alternated series study are those obtained by adding the present cases (less 51 
c.ases included previously) to those already reported. This gives the following final 
figures for our alternated series: 



C.ases. 

Deaths. 

Drug only 

. . 403 

47 

(11.66%) 

Drug plus serum , . . , 

. . 392 

4S 

(12.24%) 

Eliminating 24-hour deaths: 



Drug only 

. . 393 

37 

( 9.41%) 

Drug plus serum . . . . 

. . 376 

32 

( S.51%) 
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Table 1.— DisxniBUTiox or Cases and Bacteremias and Results by TYPti. 





24-hr. 

Bactere- 


21-hr. 

Tj-pe. 

Cases. 

Deaths. 

deaths. 

mias. 

Deaths. 

deaih*. 

I . . . 

44 

4 

1 

10 

3 

] 

II . . . 

42 

3 

2 

12 

1 

1 

Ill . . . 

33 

3 

0 

3 

1 

0 

IV , . , 

14 

1 

1 

2 

1 

1 

V . . . 

10 

1 

0 

3 

0 

0 

■ VI . . . 

3 

1 

0 

1 

1 

0 

VII . , . 

30 

3 

2 

4 

2 

1 

VIII . . . 

14 

3 

0 

S 

2 

0 

IX . 

3 

1 

0 

1 

1 

0 

XI . . . 

1 

0 

0 

0 

0 

0 

XII . . . 

1 

0 

0 

0 

0 

0 

XIII . . . 

2 

1 

0 

0 

0 

0 

XIV , , 

G 

1 

0 

0 

0 

0 

XV . , . 

4 

1 

0 

0 

0 

0 

XVI , . . 

1 

0 

0 

0 

0 

0 

XVII . . , 

3 

0 

0 

0 

0 

0 

XVIII . . . 

2 

0 

0 

0 

0 

0 

XIX 

2 

0 

0 

0 

0 

0 

XX . . . 

5 

0 

0 

0 

0 

0 

XXI 

1 

0 

0 

0 

0 

0 

XXII . . . 

4 

1 

1 

1 

1 

1 

XXIII . . 

1 

0 

0 

0 

0 

0 

XXV , 

2 

0 

0 

0 

0 

0 

XXIX , . . 

4 

0 

0 

0 

0 

0 

XXXIII . 

5 

2 

1 

0 

0 

0 


— 

— 

— 

— 

— 

- 

Total . . . . 

Excluding 24-fir. 

239 

20 

(10.9%) 

8 

42 

13 

(30.9%) 

5 

deaths . 

231 

18 

(7.8%) 


37 

8 

(21.0%) 



E, S.; A married woman of 27 was admitted to Bellevue Hospital \ntli 
a histor 3 ’ of cough and pain in the left chest for 2 days, and expectoration 
of bloody sputiun for 1 daj-. She was 7 months’ pregnant. Signs of con- 
solidation were present over the left upper lobe. The sputum jdelaw! 
Type I pneumococcus. The blood culture showed innumerable colonics o! 
the same organism. The leukocj'te eount was 11, GOO per c.mm. Sulfa- 
diazine therapj' was started at once and she improved rapidly, but on the 
fifth day of illness she went into labor and delivered a 2-pound 3-ouncf 
bain', who lived for 22 hours. Her temperature, after having been nonna! 
for 2 d.aj'.“, began to rise on the seventh duY' of illness. (See Fig. 1.) She dc- 
veloped a leukocytosis of -10,000 per c.mm. and signs of fluid at the left b.v'’ 
and a chest tap on the ninth daj' j'ielded 12 cc. of a thin, cloud.v fluid, whicli 
was positive for Tyf>e I pneumococci on culture. Signsof fluid persisted hut no 
fluid was secured bj' thoracentesis on the eleventh day. In view of her sun-c- 
quent excellent progress and regression of phj'sical and Roentgen ray sitni- 
no further chest tajis were attempted and she was discharged in good conoi- 
tion on the thirlj'-sccond hospital daj' after an uneventful convalescence. 


Cnsr.f Tredial Enrl>j Comjwrcd With Tliour Trcaled Lntr. Di'R 
sion of the cases according to when sulfadia'/.ine therapy was com- 
menced is made in 'I’able 2. Two groups arc .shown; E ‘'•'"‘y 
(treatment .started dtiring the first d days); 2, late or uncertain 
(treatment commcncwl on the fourtii »Ia%' or later, or duration o* 
illness not ascertainable hut usually of considcrahlc length). 
the K'b patients who were treated early, onl.v 7 flied (G.,')';!) (1 
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ll/i^40 



Fig. 1. — Data of patient E. S. with pneumonia, positive blood and pleural fluid 

cultures, and pregnancy. 


hour death is excluded). The late or uncertain cases showed a fatal 
ity rate of 8.9% (7 24-hour deaths excluded). 


Table 2.— Distribution and Results 

According to 

Dur.\tion 

OF Illness 

Before Admission to Hospital.* 






Fatality 


Cases. 

Deaths. 

rate (%). 

Early (first 3 days) 

. . 108 

7 

6.5 

Late or uncertain 

* 24-hour deaths not included. 

. . 123 

11 

9.0 


Relation of Age of Patients to Otdcovie. While the mortality of 
7.8% in 231 cases of pneumonia (excluding 24-hour deaths) treated 
with sulfadiazine is highly creditable, the results are more remark- 
able when cases are distributed by the age of the patient (Table 3). 
Among the 27 patients under 30 years of age, there were no deaths. 
In the 30 to 50 years group, 86 cases occurred with but 1 death 
(1.2%). Thus in 113 cases under 50 years of age, there was only 
1 death or a fatality rate of 0.89% (24-hour deaths excluded). In 
the group over 50 years of age there were 118 patients, with 17 
deaths (14.4%), excluding 24-hour deaths. 

T.vble 3.— Distribution of Cases and Results by Age. 


Fatality 

Cases. Deatlis. rate (%). 

Under 30 . . . 27 0 0 

30 to 50 SO 1 1.2 

50 and over llS 17 14.4 


Total 231 IS 


* 24-hour deaths not included. 
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CompHcaiions. The complications which occurred in this sulfa- 
diazine-treated series are listed in Table 4, and they have about the 
same incidence as a larger series of pneumonias treated with sulfona- 
mide drugs reported from Bellevue Hospital,^ except that in tlie 
present series there are no cases of lung abscess. Empyema has 
an incidence of 3.3% and endocarditis an incidence of 1.2%. Of 
the 8 empyemas, 1 was a simple pleural effusion when tapped during 
life, but at postmortem cloudy infected fluid was found; 2 were 
small collections of fluid which were discovered only on postmortem 
e.xamination. Of the 5 empyema patients who lived, 2 recov- 
ered after thoracotomy, 1 after thoracenteses (see Fig. 1), and 2 
signed out of the hospital before thoracotomy could be done. It is 
reasonable to assume that if sulfonamide therapy is started early in 
the infection the incidence of deaths from serious complications can 
be reduced to a low figure. The 3 endocarditis cases were admitted 
late in the disease, 1 having been sick for 7 days and the other 2 for 
an indefinite period. 

Table 4. — Complications (239 Cases). 

Cases, Deaths. 


Empyema S , 3 

Otids media . . ... 5 0 

Pleural effusion 5 0 

Pneumococcus endocarditis ... .... 2 2 

Meningitis and empyema 1 1 

Pneumococcus endocarditis and empyema . , 1 1 

Otitis media and pleural effusion . . , 2 1 

Pericardia! effusion • . . 1 1 


To.rte Reactions. In spite of the fact that the blood levels (usii' 
ally 7 to 9 mg. per 100 cc.) during sulfadiazine therapy were higher 
than those obtained with either sulfapyridine or sulfathiazole, the 
incidence of toxic reactions was lower (Table 5). Of tlic 239 total 

Table 5.— Toxic Reactio.ns (239 Cases). 

Xausea and vomiting: 

Before and during treatment 

Only during treatment . ^ 

Leukopenia . , 

.\ncmm ^ 

Drug rn,«h and fever , . 

Dnig fever ... ... 

Microscopic hematuria ■ ■ ^ 

Renal colic and gros.s hematuria* • • • ■ ^ 

Temporary partial dcafnc.'S ^ 

* Since this i)apcr iv.v-s written, further experience with a larger ntiinhcr of ra'c< 
has shown that renal toxic rcaction-s occur in almut .0% of c!u=cs. 

cases, tttily .1 vomiteil ant! 2 of the.se liad vomiteti before ndmi.ssieii 
as well as aftcrwartls. Leukopenia oct-tirred in 4 patient.s; it was ef 
motlerate degree in each ease and di.sappcaretl wlien the tlriig 
diseontinuetl. There were no instanec-s of agranulocyto.sis. .Anemi''!. 
also of moderate .'-•everity, wa.s encountered once. 3’iiere were •! ea.-C' 
of drug rash with fever, tind 2 ea.«es of flntg fever. Micrn-co;)!' 
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hematuria was found in 4 instances, and renal colic with hematuria 
occurred in 1 case. One patient' had a temporary partial deafness 
which may have been caused by the drug. In addition, there were 
several patients who showed temporary mental disturbances during 
treatment, but nearly all of these patients were chronic alcoholics, 
and we were unable to decide just what the relative roles of the alco- 
holic state, the pneumonia, and the sulfadiazine were; hence we 
have not listed them. It is likely, however, that the drug was, at 
least in part, responsible in several cases. 

Preexisting Disease in the Fatal Cases. The incidence of serious 
preexisting disease among the 26 patients who died was high. 
Eight had hypertensive and arteriosclerotic heart disease, and of 
these, 3 were alcoholics. Two had diabetes mellitus, and 1 of these 
was in diabetic acidosis. One patient had asthmatic bronchitis, 
1 had chronic nephritis and was in uremia on admission, and 1 had 
acute lymphogenous leukemia. It is our feeling that these pre- 
existing diseases contributed greatly to the fatal outcome. In addi- 
tion, 1 patient convalescing from Type III pneumonia developed 
symptom'^ and electrocardiographic changes suggestive of acute 
myocardial infarction and died suddenly. 

Summary and Conclusions. 1. Sulfadiazine has been used in the 
treatment of a group of 239 patients with typed pneumococcus 
pneumonia. 

2. The fatality rate was 10.9% (7.8%, if 24-hour deaths are 
excluded). 

3. There was only 1 death among the 113 patients who were 
under 51 years of age (1 24-hour death is excluded). 

4. The number of complications of the disease was small. 

5. The incidence of toxic reactions was low. 

6. Sulfadiazine appears to have about the same degree of effec- 
tiveness as sulfapyridine and sulfathiazole in the treatment of 
pneumococcus pneumonia, and at the same time causes fewer toxic 
reactions. 
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2-SuLFANiLAMiDOPyRAZiNE (“sulfapyrazinc”), the para-isomer of 
sulfadiazine, was synthesized in 1941 by Ellingson.- Preliminary 
studies^'-* have indicated that its toxicity for man and animals is 
relatively low, and that its antipneumococcal activity is high.^' 
In the present communication, we wish to report studies upon the 
absorption, excretion and distribution of sulfapjwazine and of sodium 
sulfapjTazine in man. 

Properties of StiJfapijrazine Compounds. The structural formula 
of sulfapyrazinc is 



SOjNH 



Sulfapyrazinc and acetylsulfapjTazine are tasteless white powders, 
whose solubilities in 100 cc. of water at 37° C. are: sulfapyrazinc, 
.5.2 mg.; acetylsulfapyrazine, 5.6 mg. The pH of sodium sulfapyra- 
zine in 10% aqueous solution is 9.3.= 

Plan of Study. Absorption of Snlfapyrazine. Blood levels' were deter- 
mined at frequent intennls after single 4 gm. oral doses of sulfapjTazine 
powder, sulfapjTazine tablets, and sodium sulfapj’razine powder. In addi- 
tion, many determinations were made on treated patients receiving 1 tyi- 
every 4 or 6 hours. Also, the absorption of sulfapjTazinc and sulfadi.azinc 
was compared at dilTerent times in the same subject. 

Convalescent p.aticnts on a routine ward diet, with no apparent disense 
of the gastro-intcstinal tract or of the cardiorenal system were used for 
single dose absorption curves. Their ns'erage fluid intake was about 2 liters 
a day. Powdered drug or crushed tablets were given, before breakfast, 
suspended in about 300 cc. of water. 


• This stinly ivn-i nitied Iiy a ernnt in honor of Crnis Yciscr and by a grant frora 
Mead Johnson Co. 



2-SULFANILAMIDOPyEAZINE (sULFAPYEAZINE) ‘ 187 

Excretion of Sodium Sidfapyrazme. Four grams of sodium sulfapyrazine 
monohydrate dissolved in 100 cc. of distilled water were administered intra- 
venously, during 20 to 30 minutes, to normal males, and blood levels deter- 
mined at frequent intervals. The 24 hour urinary output of 4 of these 
subjects was collected for 3 or 4 days. In others, the concentration of 
sulfapyrazine in cerebrospinal fluid obtained from the lumbar sac was 
compared Avith that of simultaneously drawn blood, at A'-arious times oyer 
a 12 hour period. Whenever a local anesthetic AA^as required in obtaining 
specimens of body fluids, ethyl chloride Avas used. 

Results. Absoeption of Sulfapyeazine. Four to 8 hours after 
the oral ingestion of 4 gm. of sulfapyrazine, an average maximum 
blood level of about 2.7 mg. per 100 cc. is attained. Chart 1 
shows that this peak may be reached as early as 2 hours or as late 
as 12, and that about 1 mg. per 100 cc. is still present in the blood 



Chart 1. — Blood levels of free sulfapyrazine following a single oral dose of 4 gm 
Each curve represents a separate subject. 


after 24 hours. Drug giA’^en as poAA'^der did not appear to be quite 
as AA'ell absorbed as drug incorporated into tablets. No correlation 
betAA’^een size of dose and body AA’^eight Avas found through the range 
of 50 to 75 mg, per kilo. 

When the initial dose of 4 gm. is folloAA^ed by 1 gm. cA^ery 4 hours, 
blood leA'-els of about 6 mg. per 100 cc. free sulfapyrazine and 8 mg. 
total sulfapyrazine are usually maintained (Table 1).* These are 


Table 1.— Sulfapyrazine Levels in Patients Under Treatment. 


Dosage. 

No. of 

observations. 

Highest level Lowest level 

recorded in recorded in 

any patient any patient 

(nig./IOO cc.). (mg./lOO cc.). 

Median of all 
levels recorded 
(ing./IOO ee.). 

1 gm. every 4 hours; 
Free .... 

. or 

1G.5 2 0 

G 5 

Total .... 

. G1 

21.2 3.1 

S.l 

1 gm. every G hours: 

Free .... 

. 73 

11.5 O.G 

4 7 

Total .... 

. GG 

12.9 0.9 

5.G 

* Blood level determinations in the 

early sulfapjTaziue-treated 

patients’ were 


performed in the general clinical laboratorj- of the hospital by substitute technicians. 
It is believed that these levels were probably lower than the levels actually attained 
and are not included in this table. 
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comparable to the le’s'els maintained by 1 gm. of sulfadiazine every 
6 hours.® '^Mien the initial 4 gm. dose of sulfapyrazine is followd 
by 1 gm. every 6 hours, average blood levels of 4 to 5 mg. per 100 cc. 
are maintained. Similarly the maximum blood level following a 
single oral dose tends to be lower for sulfapyrazine than for sulfa- 
diazine. Table 2 compares the absorption of the two drugs in the 
same subject at different times. 

Table 2. — Comparison of Maximum Blood Level Attained by Sulfapyr.vzike 

AND SULFADL\2INE IN THE SaME SuBJECTT, 

Free, Total. 


SuUapyra2ine Sulfadiazine Sulfapyrazine Sulfadiazine 
Subject. (tng./lOO cc.). (mg./lOO cc.). (rag./lOO cc.). (mg./lOO cc.). 

M. B 2.5 3.S 3 2 4.0 

Q.W 3.1 5.6 3.7 0.1 

F. B 3 0 5.5 4.0 6.3 

C. H 2 8 2.8 3,4 3.0 


Figures represent the highest blood level recorded after a single oral dose of 4 gm. 
The interval between the administration of the two drugs was at least 5 days. 

Chart 2 depicts the absorption of sodium sulfapyrazine from the 
gastro-intestinal tract. As is the case with sodium salts of other 



Ch.^bt 2. — Blood levels following sodium sulfapjTazine by mouth, in 2 subjecla. 
Dotted lines represent “free" levels; solid lines “total” levels. ’ 


sulfonamides, sodium sulfapyrazine is absorbed more rapidly and 
attains higher blood levels tlian the acid drug. 

Blood Levels Following I?.tr.4Venous Sodium Sulfapyu-^- 
ziXE. Four grams of sodium sulfapyrazine monohydrate were 
administered intravenously to 9 subjects and 6 gm. to 1 (Chart 3). 
Blood levels were determined 4, 8, 12, 24, and 48 hours after the 
completion of the injection in all individuals, and h, 1, 2, and 
72 hours as well in some. 
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This compound is excreted rather slowly.' At the end of 8 hours, 
the “free” blood level averaged 6 mg. per 100 ec., and at the end 
of 12 hours, 3 mg. per 100 cc. Some drug remained in the blood 
after 24 hours and traces after 48 and 72 hours. 



Chart 3. — Blood levels following injection of 4 gm. sodium sulfapyrazine mono- 
hydrate (3.44 gm. sulfapyrazine) intravenously. Dotted lines represent “free” 
sulfapyrazine; solid lines, “total" sulfapyrazine. 


Renal Excretion of Sulfapyrazine. Table 3 shows the rate 
of renal exeretion of sulfapyrazine following an intravenous injection 
of 4 gm. of sodium sulfapyrazine monohydrate. Thirty-five to 50% 
of the drug is excreted in the first 24 hours. Another 20% to 25% 
is eliminated in the seeond 24 hours, and about 5% in the third. 
The total amount of sulfapyrazine accounted for in the urine was 
only 70% of that injected. In this respeet, the excretion of the 
drug resembles the excretion of sulfamethylthiazole, as reported by 
Strauss et aV 

Subjeet A. S. was used to compare the exeretion of the sodium 
salts of sulfapyrazine, sulfadiazine and sulfathiazole in the same 
individual at different times. Sulfathiazole was excreted most 
rapidly, sulfadiazine less rapidly, and sulfapyrazine most slowly. 

No attempt was made to estimate total e.xeretion of the drug by 
patients receiving it orally. However, many determinations were 
made on single urine specimens and on 12 or 24 hourly samples. 
These are summarized on Table 4. The only pertinent fact con- 
tained in these data is the great variability of the urinary concen- 
tration, which was undoubtedly conditioned by the volume and the 

VOL. 204, NO. 2. — AUonsT, 1042 7 
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Table 3. — Recovery of Sulfonamides in Urine Following Intravenous 
Injection of 4 Gm. of the Monohydbate Sodium Salt. 

Administered 
drug recovered 


Subject 



Urine 

Drug (mg./lOO cc.). 

% recov- 

in urine. 

and 


Period 

v’oi. 

^ 

» 

ered drug 



age. 

Drug. 

(24 hrs.). 

(ml.). 

Free. 

Total. 

conjugated- Gm- 

%• 

L. H. 

Sulfapy- 

First 

2200 

30.6 

58.4 

48 

1.28 

37.3 

18 

razine 

Second 

2550 

14.0 

32.8 

57 

0.84 

2L3 



Third 

1540 

7.2 

16.6 

57 

0.2G 

7,5 



Fourth 

2100 

2.9 

4.9 

41 

0.10 

2.9 



Total 





2.48 

72.1 

E. A. 

Sulfapy- 

First 

2560 

21.0 

'55.2 

62 

1.41 

40.8 

24 

razine 

Second 

2570 

8.7 

33.9 

74 

0,87 

25.5 



Third 

935 

10.3 

24.0 

57 

0.22 

6.4 



Total 





2.50 

72.7 

A. S. 

Sulfapy- 

First 

2580 

57.0 

06.3 

14 

1.71 

49.7 

47 

razine 

Second 

IIGO 

48.6 

64.2 

24 

0.75 

21.8 



Third 

1140 

3.9 

4.7 

17 

0.01 

0.3 



Fourth 

1080 

4.4 

J-~ 

43 

0.01 

0.3 



Total 





2.48 

72.1 

A. S. 

Sulfadia- 

First 

2020 

84.1 

102,5 

18 

2.07 

60.0 


zine 

Second 

1700 

24.9 

45.7 

40 

0.78 

22.7 



Third 

1250 

6.8 

7.7 

12 

0.10 

2.8 



Total 





2.95 

85.5 

A. S. 

SuUathi- 

First 

995 

200.0 

260.3 

23 

2. GO 

75.5 


azole 

Second 

COO 

12.6 

18.0 

30 

0.11 

3.2 



Third 

1380 

2.5 

4.0 

40 

O.OG 

1.8 



Fouth 

1500 

0 

0 



0 



Total 





2.77 

80.5 


4 gm. sodium sultapyrazine monoliydrate contain 3.44 gm. sulfapyrazine. 


Table 4.— Levels of Sulfapyrazine in 30 Random Urine Samples of Patients 
Under Tre.at.ment, 1 Gm. Every 4 Hours. 

Free Total. . , 

(mB./100 cc.). (mB./100 cc.). % conjugated. 


Median 51 101 53 

Highest 185 300 85 

Lowest 8 12 20 


hydrogen ion concentration of the sample studied. Both sulfapyra- 
zine and acetylsulfapyrazine are many times more soluble in alkaline 
than in acid urine (Table 5). As is the case with sulfadiazine, the 
solubility of the acetyl derivative exceeds that of the “free’ com- 
pound.* 


Table 5.— Solubility of Sulfapyrazine and of Acetylsulfapyrazine in 

Buffered Urine. 


Final pH. 

Sulfapyrazine 
(mg.yiOO cc.). 

Acetylsulfapyra^j^^ 
(mg./lOO cc.). 

4 5 

5.1 

5.9 

5 0., 

4.9 

5 . ^ 

5 5 

4 0 

8.2 

5 8 

GO 

13.3 

0 3...... 

7.7 

25.2 

0 7 

14 2 

77.2 

7 1 

32. G 

127 2 

7 4 

59.1 

130. 0 


* Tlicsp studie.o wore c.arrierl out by Mr. Robert E. Eakin 
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Sulfapyrazine in Cerebrospinal Fluid, Simultaneous blood 
and spinal fluid levels were determined at various intervals in 
4 subjects given sodium sulfapyrazine intravenously. Table 6 


Table 6. — Simultaneous Levels in Blood and Cerebrospinal Fluid in Patients 
Receiving 4 Gm. Sodium Sulfapyrazine Intravenously. 

Blood C.S.F. Blood C.S.F. 

(mg./lOO CO.). (mg./lOO cc.). (mg./lOO cc.). (mg./lOO cc.). 



^ Free. 

Total. 

Free. Total. 

2 hours. 

%. 

Free. 

Total. Free. 

4 hours. 

Total. 

%. 

L. T. . 

. "s.s 


0.5 

5.6 





P. B. . 





13.0 

2.2 


16 9 

G. B. . 





4.2 

4.7 1.2 

1.1 

25.3 

E. H. . 

. li.o 


2.1 2.2 

19.0 







' 

8 hours. 



12 hours. 



L. T. . 

. ' 7.1 


1.6 

25.3 

4.2 

2.1 


50.0 

P. B. . 

. 11.4 

12.9 

3.7 4.4 

34.1 

10.1 

13 5 5.1 

6.4 

47.4 

G. B. . 

3.5 

3.4 

1 8 2.0 

53.3 

1.6 

1.7 1.0 

1.2 

64.2 

E. H. . 

6 7 

7.0 

3.5 4.1 

52.2 






“%” indicates percentage of “free” blood level represented by spinal fluid level. 


shows that the sulfapyrazine in the spinal fluid increased gradually 
until, at the end of 12 hours, its level was 50% to 60% that of the 
blood level. This ratio is maintained in patients under continuous 
treatment (Table 7); these patients were free of infection of the 
central nervous system. 


Table 7. — Simultaneous Blood and Cerebrospinal Fluid Levels in Patients 
Receiving 1 Gm. Sulfapyrazine Every 4 Hours. 


Blood (mg./lOO cc.). C.S.F. (mg./lOO cc.). % 


Patient. 

Hours after 
last dose. 

Free. 

Total. 

Free. 

Total. 

Free. 

Total. 

c. c. . . 

. 2.5 

2.3 

, , 

1.4 


60.9 


B. B. . . 

. 3.0 

6.8 


3.1 


45.0 


M. P. . . 

. 3.0 

3.1 


1.1 


33.4 


W. B. . . 

. 2.0 

10.4 

15.3 

7.0 

7.1 

07.3 

40.4 

E. F. . . 

. 2.0 

8.9 

10.7 

4.9 

5.0 

55.0 

49.9 

J. F. . . 

. 2.0 

12.7 

15.9 

10.2 

10.6 

80.3 

60.7 


“%” indicates percentage of blood level represented by spinal fluid level. 


Sulfapyrazine in Body Fluids. Sulfapyrazine reaches con- 
centrations in the pleural and peritoneal cavities approaching and 
occasionally exceeding that in the blood. A similar observation 
was made on two samples of synovial fluid, and one specimen of 
fluid from the anterior chamber of the eye. Smaller proportions of 
the drug appeared in milk. These data are presented in Table 8. 

Distribution of Sulfapyrazine Between Plas^lv and Red 
Blood Cells. In tlie blood of treated patients, the concentration 
of sulfapyrazine in tlie plasma is approximately double that in the 
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Table S. —Simultaneous Suleapyrazine Levels in Blood and Various Boot 

Fluids. 


Blood Body fluid 

Hours (ms./lOO cc.). (mg./iOO cc.K % 

Body Dosage, after * ^ — > /■ 


Patient. 

fluid. 

gm. 

dose. 

Free. 

Total. 

Free. 

Total. 

Free. 

Total. 

N. G. 

Pleural 

4 

6 

2.3 

3.1 

3.2 

3.5 

141 

113 

H. G. 

Pleural 

4 

7 

3.6 

7.3 

1.9 

4.4 

53 

CO 

s. S. 

Pleural 

4 

6 

5.9 


2.3 


39 


J. f. 

Pleural 

4 

n 

4.1 


3.5 

i^o 

85 

SC 

E. C. 

Pleural 

4 

6 

3.6 

4.4 

2.4 

3.9 

60 

SS 

E. B. 

Pleural 

Iq. 4lh hr. 34 

14.8 

15.6 

16.3 

18.0 

111 

ns 

Q. W. 

Pleural 

4 

8 

3.4 

4.4 

2.4 

2.6 

72 

50 

G. F. 

Ascitic 

4 

5 

3.1 

3.6 

4.0 

4.3 

129 

119 

G. B. 

Ascitic 

4 

7 

2.0 

3.4 

2.4 

2.7 

120 

79 

J. C. 

Joint 

4 

5| 

4.0 

5.4 

7.3 

7.9 

182 

144 

P. W. 

Joint 

4 

7.4 

8.4 

7 2 

6 7 

07 

79 

M. M. 

* Anterior 
chamber 
of eve 

4 

6‘ 

2.9 

3.8 

1.8 

3.0 

62 

SO 

E. M. 

Milk 

4 

4 

3.1 

3.7 

1.1 


34 


M. H. 

Milk 

4 

4 

6.4 


I.l 


17 


C. B. 

Milk 

4 

4 

6.0 


l.I 


IS 

35 

s. S. 

Milk 

4 

4 

2.9 

3.0 

l.I 

I'.i 

37 

s. s. 

Milk 

4 

8 

2.2 

3.1 

1.0 

1.3 

45 

42 

W. B. 

Saliva 

iq. 4tli hr. 2 

10.4 

IS. 3 

3.5 


33 

44 

E. O. 

Saliva 

Iq. 4th hr. 2 

2.3 

2.7 

1.2 

1.2 

52 


indicates percentage of blood level represented by body fluid level. 
* Procaine was used as a local anesthetic. 


red blood cells (Table 9). In this respect, the drug resembles 
sulfathiazole and sulfadiazine, but differs from sulfapyridine and 
sulfanilamide," which are distributed more uniformly. 


Table 9.— DiSTRiutmoK or “Free” SuLFAPyRAZiKB Bet«'eex Plasma and Red 

Blood Cells. 


Patient. 

Whole blood 
(mR./lOO cc.). 

Plasma (P). 
(mg./lOO cc.). 

R.B.C. (C). 
(mg./lOO cc.). 

P/C. 

W. B. . 

5 6 

8.3 

3.1 

2 7 

R. E. . 

. . 5 9 

8 4 

4.1 

2 0 

W. G. . 

. . 7 8 

10.0 

4 4 

2.3 

W. G. 

. . 8 7 

11 1 

5 0 

2,2 

C. W. . 

. . 7 4 

9 6 

5 1 

1 9 

E. B. 

. . 14 G 

18.5 

8 5 

2 2 

E. B. 

. . 14.8 

19.4 

9 8 

2,0 

0. B. 

. . 2 0 

2 5 

1.8 

1.4 

J. K. 

. . 7.3 

10.1 

4 2 

2 4 


Hematocrit. 

41.5 

50.0 


Conjugation of Sulfapyr.\zike. Following single doses, oral 
or intravenous, the amount of combined sulfapyrazine in the bloofl 
never exceeded 25%, though in patients under treatment, the pro- 
portion of combined drug was somewhat higher. The median 
acetylation is about 30% with extremes of 5% and 78%. In urine 
the conjugated drug usually exceeds 50% of the total drug. 

Discussion. The behavior of sulfapyrazine in the human botb 
closely resembles that of its isomer sulfadiazine. It is absorbci 
rather slowly from the gastro-intestinal tract, and is excreted more 
slowly by the kidney than are sulfathiazole and sulfapyridine. _ 
seems likely that as glomerular filtrate containing sulfapyrazine 
passes down the renal tubules, appreciable amounts of the drug are 
reabsorbed. 
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Orally administered sulfapyrazine yields lower blood levels on a 
given dosage scliedule than does sulfadiazine. Howeyer, the milli- 
gram for milligram antipneumococcal activity of sulfapyrazine, as 
measured by in miro and by mouse curative tests, is considerably 
greater than that of sulfadiazine.® The effective sulfapyrazine 
blood level, therefore, may be lower than the effective sulfadiazine 
level. 

The danger of damage to kidneys by crystals of poorly soluble 
sulfonamides like sulfapyrazine and sulfadiazine is just as great with 
the non-acetylated as with the acetylated form. For, in contra- 
distinction to the other sulfonamides in common use, the conju- 
gated forms of these two drugs are just as soluble as the free forms, 
at any given pH. Since, however, the solubility of both forms rises 
sharply with increasing alkalinity, careful attention to the mainte- 
nance of alkaline urine should, in clinical practice, keep renal compli- 
cations at a minimum. It is interesting that in dogs, renal calculi 
containing 75% “free” sulfapyrazine by weight but no conjugated 
drug are formed in animals kept on large doses for 2 months.^ 

Summary. In a study of the absorption, excretion and distribu- 
tion of sulfapyrazine in the human body it was found that: 

1. The drug is absorbed rather slowly from the gastro-intestinal 
tract. 

2. It is excreted more slowly bj'^ the kidney than is sulfadiazine, 
sulfapyridine, or sulfathiazole. 

3. Acetylsulfapyrazine is more soluble in water or urine than 
sulfapyrazine. Both compounds are many times more soluble in 
alkaline than in acid media. 

4. Sulfapyrazine enters the cerebrospinal fluid slowly, reaching 
concentrations of about 50% of that of the blood 12 hours after an 
intravenous injection. 

5. Concentrations of the drug in most body fluids approach or 
exceed the concentrations in tlie blood; very little sulfapj'razine 
appears in milk. However, its concentration in the blood plasma 
is approximately double that in the red blood cells. 

Wo are indebted to Mr. Walter Fritz, Jr., and to Mr. Richard Goldsmith for aid 
in carr 5 ’ing out the chemical determinations. 
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THE EFFECT OF SULFANILAMIDE ON THE EXPERIMENTALLY 

DAMAGED LIVER. 
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The clinical use of sulfanilamide has been followed in some cases 
by the development of jaundice. In the majority of instances the 
jaundice has been hemolytic; in the remainder (about 0.6% of 
patients who have been treated with sulfanilamide”) it has been 
ascribed to hepatitis.’ -”’®’"*”-*'--® Experimentally, the administra- 
tion of sulfanilamide to rats has not resulted in damage to the 
hepatic cells that was detectable by ordinary' staining procedures.” 
In an attempt to ex-plain why among some patients receiving the 
drug hepatitis develops and among others it does not, an attractive 
hypothesis was advanced by Bannick and his associates.’ They 
maintained that the reason for its development among some patients 
was that their livers had been damaged prior to the administration 
of sulfanilamide and the drug caused the preexisting hepatic damage 
to progress to a stage from which regeneration was impossible. 

In order to test the foregoing hypothesis experimentally, four 
different experiments were planned, each devised to determine the 
effect of sulfanilamide on the already damaged liver or on the liver 
predisposed to damage by a recognized procedure. Accordingly, 
sulfanilamide was administered to: 1, a group of animals in which 
hepatitis had been induced by means of carbon tetrachloride; 2, a 
group in which hepatitis was being induced by means of carbon 
tetrachloride; 3, a group receiving alcohol; and, 4, a group in which 
obstructive jaundice had been induced by ligation of the common 
duct. 

Procedure. Adult male albino rats of an inbred Wistar strain having 
.an average body weiglit of 308 =*=54 gm. were used. The rats were fed a 
standard commercial stock diet, Imd access to an ample suppl}' of fresh 
water and wore iioused 3 per cage. Those animals given sulfanilamide 
received it daily by mc.aiis of stomach tube in the form of a suspension m 
tap water, or in 20% aicoliol in tiie experiment in whicli alcohol was admin- 
istered. The amount of sulfanilamide in all cases was 1 gm. per kilogram 
of body weight; such a dose has been shown to be toxic.'®-" The animals 
given carbon tetrachloride were exposed to its fumes in a spocialh' con- 
.structed cliambcr into wliicii air, passeii through a bottle of carbon tetra- 
cliloride, was forced to enter. Tlie animals were exposed for a period of 
30 .minutes daily; one sucli exposure is sufficient to produce a niodcr.ate 
degree of central necrosis extending to and in some instances involving 
the inidzone of tiic hepatic lolnile. Those animals to ivhich alcohol, with 
or without sulfanilamide was given, received it daily by means of a stomach 
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tube; the dose given Avas 6 cc. of a 20% solution. In those animals in 
Avhich obstructive jaundice had been induced, the common duct had been 
triply ligated approximately midway between the hilum of the liver and 
the entrance of the choledochus into the duodenum. 

At regular intervals, animals were exsanguinated under light ether 
anesthesia; the livers were removed and weighed, and portions were fixed 
in 10% solution of formaldehyde. Sections were stained with hematoxylin 
and eosin, Sudan IV, the Mallory-Heidenhain stain for connective tissue 
and Pap’s reticulum stain. 

Results. Effect of Simultaneous Administration of Sulfaiiilamide 
and Carbon Tetrachloride. Twelve animals breathed the fumes of 
carbon tetrachloride for 30 minutes daily until they were killed for 
necropsy. Six of them also received dailj^ the given amount of 
sulfanilamide during the entire period. Necropsy was performed on 
half of the animals at the end of the first week and on the remainder 
at the end of the second week of the experiment and sections of 
the livers ivere fixed for staining. 

Necropsies. The livers of both groups of animals necropsied at 
the end of the first Aveek Avere enlarged and had prominent lobular 
markings. Those of the animals that received both carbon tetra- 
chloride and sulfanilamide Avere dark broAAm, almost black; Avhile 
the livers of the animals receiving only carbon tetrachloride AA'ere 
yellow and “nutmeg” in appearance. 

Microscopic examination of the livers of those animals that 
received both sulfanilamide and carbon tetrachloride revealed that 
the hepatic cells in the central and in portions of the midzones Avere 
enlarged. The cytoplasm of these cells stained a faint pink Avith 
hematoxjdin-eosin, and Avas A^acuolated. The nuclei Avere pyknotic 
but centrally placed. The hepatic cells in the uninvolved portions 
of the lobules appeared normal. There Avas little or no cellular 
infiltration in the lobules, and vdien present, Avas confined to a nar- 
roAv portion of the central zone immediately adjoining the central 
vein (Fig. 1). The sections stained Avith Sudan IV rcA^ealed that 
the enlarged cells in the central and midzones contained small and 
large droplets of fat. There AA’^as no cbnnectiA^e tissue proliferation 
or condensation and the reticulum pattern Avas preserved. 

The damage was more extensive in the livers of those animals 
that received carbon tetrachloride only. In a totally irregular 
manner, small islands of normal hepatic cells were interspersed 
betAveen larger groups of damaged cells. The latter Avere enlarged, 
vacuolated and the affinity of their cytoplasm for the eosin stain 
varied. The nuclei of these cells w’ere pyknotic but centrally placed. 
The largest cells contained little or no staining cytoplasm; in some 
of these only a feAv faint threads could be seen between a centrally 
or eccentrically placed pylcnotic nucleus and the periphery of the 
cell (Fig. 2). Some degree of collapse Avas present about the central 
vein and in sucli areas the hepatic cells Avere replaced by lympho- 
cytes, histiocytes and a feAV fibroblasts. In the sections especially 
stained these areas of collapse contained only a fcAV connective tissue 
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fibers but there was a moderate amount of condensation of reticuliim. 
In the sections stained with Sudan IV many fat droplets of varying 
size were present only in those enlarged cells which were \'acuolate(l 
in the sections stained with hematoxjdin-eosin. 

At the end of the second week, the gross appearance of the livers 
of both groups of animals was similar to that at the end of the first 
week, except that the lobular markings of the livers of those animals 
that received only carbon tetrachloride were more prominent. 
Microscopic examination again revealed that the livers of those 
animals that received both sulfanilamide and carbon tetrachloride 
were less damaged than the livers of the animals that received carbon 
tetrachloride only. In the sections of the livers of the former, the 
hematoxylin-eosin stain revealed that the damage to the hepatic 
cells was not confined to the central zone of the lobules but also 
occurred in other zones. The pattern of the damage was less regu- 
lar than at the end of the first week, this being due to regeneration 
of some of the cells in the inner zones of the lobules. The damaged 
cells were enlarged and were either vacuolated or else contained only 
a few fine granules or threads between an eccentrically placed 
pyknotic nucleus and the periphery of the cell (Fig. 3). The en- 
larged vacuolated hepatic cells contained stainable fat but the large 
pale ones did not. There was no connective tissue proliferation 
although there was some cellular infiltration present in the areas of 
collapse immediately adjoining the central veins. In such areas 
there was a slight amount of condensation of reticulum. The reticu- 
lum framework was disintegrated in the areas occupied by the large 
pale ceils. 

The sections of the livers of the animals treated with carbon 
tetrachloride alone revealed changes in the hepatic cells similar to 
those observed at the end of the first week. However, the degree of 
central collapse was greater and there was a greater degree of cellular 
infiltration. These cells again consisted of lymphocytes, histiocytes 
and a few fibroblasts. Similar cellular elements e.\'tending in bands 
from the central areas toward the periphery of the lobules gave the 
sections the appearance of an early cirrhosis without cirrhosis actu- 
ally being present (Fig. 4) as the Mallory-Heidenhain stained sec- 
tions revealed only a few fibers of connective tissue. Instead the 
bands contained many entwined reticulum fibers. In the sections 
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Fi(i. I.~Eivpr of rat tJmt received sulfanilamide and inhalations of rarlton tetra- 
chloride daily for 1 week. The cell.s nljout the central vein are enlarped and vacuo- 
lated. The nuclei are pyknotic (H and E, X 100). . .. 

Fig. 2.— Liver of rat that received only inhalations of carbon tetrachloride dad> 
for 1 week. The dainape is more extensive and there is a Rroater decree of cellular 
infdtration than in the section in Fisnire 1, thouRli the exposure to carbon tefra- 
ehloride was exactly similar in the 2 instances <11 and E. X 1(K)). 

Fig. 3.— Liver of rat that received sulfanilamide and inhalations of carlsni letr.-i- 
ehloride daily for 2 weeks. The most severely daraaitcd cells are the large pale ones 
with eceenlrically place<i iiyknotic nuclei (H ami E, X 100). 
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stained with Sudan IV, many droplets of fat were present only in 
those enlarged cells which were vacuolated in the sections stained 
with hematoxylin-eosin. 

Effect of Sulfanilamide Following Damage by Carbon Tetrachloride. 
Fifteen animals were exposed to fumes of carbon tetrachloride for 
30 minutes daily for 1 week. Necropsy was performed on 3 of the 
animals at the end of this time and portions of the livers were 
removed for microscopic examination. Hepatic damage (Fig. 2) 
was present. The remaining 12 animals were divided into two equal 
groups. Sulfanilamide was given daily to one group until the ani- 
mals were killed for necropsy, while the remaining group of 6 animals 
served as controls. Necropsy’^ was performed on 3 animals from each 
group at the end of the first and the second .week, respectively, 
following discontinuance of administration of carbon tetrachloride. 

Grossly there was no difference in the appearance of the livers 
of these two groups, except for the darker color of the livers of the 
group which received sulfanilamide. Examination of microscopic 
sections did not reveal any evidence of central necrosis or deposition 
of fat in either group at either period, indicating that hepatic 
regeneration had occurred satisfactorily in both groups. Adminis- 
tration of sulfanilamide had not impeded regeneration (Fig. 5). 

Effect of Alcohol and Sidfanilamide Administered Simrdfaneonsly. 
Eighteen animals received 6 cc. of a 20% solution of alcohol daily 
by means of stomach tube. Half of these animals {i. c., 9) received 
sulfanilamide in addition to the alcohol. Necropsy was performed 
on 3 animals from each of the two groups at the end of the second, 
the third and the fourth week respectively, of the ex-periment. 

Examination of sections of livers of both groups of animals did 
not reveal any em'dence of damage of hepatic cells, of proliferation 
of connective tissue or of interruption of the reticular framework. 
Some of the hepatic cells at the periphery of the lobules in animals 
which received only alcohol contained droplets of fat (Fig. b) h'b 
sucli dciiosition of fat did not occur in the livers of the group which 
received the sulfanilamide also. 

Effect of Sidfanilamide on the Liter in Ob.dnwlirc Jaundice, fio 
9 of 18 animals in which the common ducts had been ligated, sulfan- 
ilamide was administered daily until the animals were killed for 


Leciends Fon Plate ok OrrostTE Page. 

Fkj. -1.— Liver of rnt that received only inh.alations of carbon tetrachloride daily 
for 2 tvcckp. There is a crenter desree of ccntr.al collapse and cclhdar infiltration 
than in the section in Fifture .S. thouph the eapostire to carbon tetrachloride t'a-' 
exactly similar in the 2 instances (U and E. X 200). 

ITo. . 0 . — Liver of rat that received daily inhalations of carlton tetrachloride for 
1 week and a daily administration of sulfanilamide for 2 \vcok.s afterward. Complete 
restoration to normal was not impeded by the Fulfanilamidc (fl and E. X 200). 

Fio. G. — Liver of rat that received alcohol daily for 4 week.®. Note the depodtion 
of plobiile-' of fat in the cells from the periphery of the lobtilc. Stainable fat was not 
present in the section? of the livers of animals that received sulfanilamide 
(Fat Stain: Sudan IV, X .SCO). 
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necropsy; the remaining 9 served as controls. The administration 
of the drug was begun on the day following operation. Necropsy 
was performed on 3 animals from each group at weekly inter\’als for 
3 weeks and the livers were compared grossly and microscopically. 
Grossly, the livers of both groups Avere enlarged, firm and discolored 
with bile. In addition, the livers of the animals which had received 
sulfanilamide were black. The common and hepatic bile ducts 
were enormously distended in all cases. But microscopically no 
essential difference could be detected between these two groups of 
animals. There was no evidence of damage of the hepatic cells or 
of deposition of fat in an,v of the livers. Considerable proliferation 
of the bile ducts, most noticeable in animals living 3 weeks, was 
present to about the same degree in both groups. 

Comment. The e.xperiments cited here tend to indicate that the 
administration of sulfanilamide in moderately toxic doses does not 
increase the damage produced in the liver of a rat by carbon tetra- 
chloride and that it does not impede regeneration of the liver after 
hepatitis has been induced by carbon tetrachloride. In fact, in the 
sections of the livers of the animals that had receiA'ed both carbon 
tetrachloride and sulfanilamide, there was less damage than in those 
in Avhich carbon tetrachloride had been administered alone. This 
observation is in accord with the recent report of Leach and Forbes 
that sulfonamide drugs act as protective agents against carbon 
tetrachloride poisoning. Furthermore, the simultaneous adminis- 
tration of alcohol with the sulfanilamide did not result in damage 
of the hepatic cells. Alcohol is regarded a substance which usually 
enhances the liepatoto.xic effects of such drugs as phosphorus, chloro- 
form or carbon tetrachloride. The drug likewise did not produce 
damage of the hepatic cells of animals that had obstructive jaundice. 
The livers of all animals that received sulfanilamide were dark 
brown or black as the result of contained blood discolored by the 
accumulation of various pigments responsible for cyanosis in animals 
or human beings receiving this drug. 

These experimental data appear to be in accord with slowly 
accumulating clinical data which show that when sulfanilamide and 
allied compounds were administered to patients who had hepatic 
damage there were no apparent significant increases of hepatic dys- 
function.’-'*-* '''-®-"'’'*'' IIoAvever, they do not shed any light on the 
question why, when patients receive sulfanilamide, hepatitis devel- 
ops in some cases but not in others. A depression of hepatic func- 
tion among jiatient-s receiving sulfanilamide has been reported. 

Conclusions. 1. The administration of sulfanilamide to a group 
of rats that were having hepatitis produced by inhalation of carbon 
tetrachloride did not increase the damage to the liver. On the 
contrary it appearcfl to lessen the damage. 

2. Sulfanilamide after induction of hepatitis by means of cariwn 
tetrachloride did not impede regeneration of the liver after adminis- 
tration of carbon tetracliloridc had been discontinued. 
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3. The simultaneous administration of alcohol and sulfanilamide 
to rats did not result in damage of the hepatic cells, although in 
some of the animals that received only the alcohol fat was deposited 
in the liver. 

4. The administration of sulfanilamide to animals that had 
obstructive jaundice did not produce any detectable injury to the 
livers not ascribable to biliary obstruction. 
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CHANGES IN COPPER AND IRON RETENTION IN CHRONIC 
DISEASES ACCOMPANIED BY SECONDARY ANEMIA. 

n. Changes in Liver, Spleen and Stomach. 
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In a previous study,® the retention of copper and iron in 1-46 pa- 
tients with chronic diseases, predominantly malignancies, accom- 

* Dr. Sandberg died June 12, 1942. 
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panied by severe secondary anemia, was investigated. We found 
not only no shortage but actually a marked accumulation of these 
metals in the liver and spleen. 

Gerlach® showed that the amount of copper in benign tumors 
was normal but varied in malignant growths. Edlbacfaer and Ger- 
lach^ found that in Jensen sarcoma the copper content differed 
according to the part of the tumor studied, necrotic tumor tissue 
containing more copper than the growing tumor. Siimegi® stated 
that in experimental rat cancer, copper was deposited in the liver 
and excluded from metabolism. He found 40% less copper than 
normal in the stomachs of his rats and interpreted this lack of copper 
as possibly responsible for inadequate formation of the anti-anemic 
factor. 

Such a lack of copper in the stomach, if it were also present in 
human malignancies, might explain the accompanying anemia. We, 
therefore, studied stomach as well as liver and spleen tissue from 
malignant, non-malignant and normal cases. 

Method. Copper was determined according to the method of McFar- 
lane,'* with slight modifications, iron according to the modified method of 
Elvehjem and Hart.^ All values are e.xpressed as milligrams in 100 gm. of 
dry tissue. Since material in Montefiore Hospital is derived from chronic 
cases, normal values for copper and iron in liver, spleen and stomach were 
established from tissue obtained in case of accidental death from the Medical 
Examiner's office at BeUerme Hospital. 

T.\BLE 1. — InON AK» COCPEB CONTENT OF LiVEH, SPLBE.N, STOMACH ANB TuMOH 
Tissue in Secondaey Anemia. 


Fiauros Represent Mg. in 100 Gm, of Dry Tissue (Averages in Parenthesis). 


Type of <li.«ca$e with number 
of examined. 

Liver. 


Spleen. 


Iron. 

Copper. 

Iron. 

Copper. 

Normal controls (15) 

17 2- SI 4 

1.4-4 5 

49 8-252 3 

0.7-1 .2 


(44.7) 

(2 8) 

(137.2) 

(0.9) 

Malignancios (23) 

12.5-1133 

0 9-9 3 

GO 8-1770 

0 8-3.0 


(124,2) 

(3 8) 

(401.9) 

(1 4) 

Non-malignant cases (11) . 

29 0-247 0 

1 5-7 2 

01 9-721,8 

0,8-2 7 


(85. 4) 

(3,0) 

(252 4) 

(1.2) 


Stomach. Tumor 


Tvjjt' of (liHonse with number 

- 


Iron. Copper. 

of caj*<‘.s examined. 

Iron. 

Copper. 

Normal controls (15) 

10 3- 20 7 
(18 2) 

1 1-1 4 
(1 3) 

17 7-130 1 1.2-12 

Malignancic.s (23) 

C 0- 79 9 

1 1-2 2 


(24 5) 

(1 0) 

(49.8) (2 b 

Non-malignant c.asc? (11) . 

19 3-137 8 
(20 5) 

0 8-2 3 
(1 5) 



Findings. Iron in the spleen was greatly increased in about r,()% 
of the malignancies, attaining levels in excess of 1000 mg. per 100 gm. 
of dry tissue, and up to 1770 mg. in a case of Hodgkin’s di.scase. 
Copper storage in the spleen was either at the upper level of normal 
copper content, or e.xeceded it in 14 out of tlie 23 cases examined. 
Usually, greatly increased iron depots were paralleled by high copper 
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storage; there were instances, however, when iron was found to be 
normal in spite of a markedly increased copper content. 

Iron in the liver was increased less frequently than in the spleen, 
only about one-third of the malignant cases showing high values. 
Copper storage was even less affected and exceeded the upper limit 
of normal in only 6 instances. But in these 6 a high copper level 
was not necessarily accompanied by a corresponding retention of 
iron. Vice versa, a level of 1133 mg. per 100 gm. of iron was asso- 
ciated with a normal copper value in a case of carcinoma of the 
ovaries. 

Figures for iron in the stomach were at least normal in all and in 
excess of normal in 9 out of 16 cases. Usually, increased retention 
of iron was accompanied by increased retention of copper. 

The striking affinity of tumor tissue for copper was demonstrated 
by values of 1.5 mg. per 100 gm. or more in 13 out of 18 tumors 
analyzed. Iron content ranged from 17.7 to 130.1 mg. per 100 gm., 
with the majority in the higher brackets. Material from a patient 
with Hodgkin’s disease showed 1738 mg. of iron, but only 1.5 mg. 
of copper. This same case had 1776 mg. of iron in the spleen. 

Iron and copper values in the non-malignant cases were in striking 
contrast to those encountered in malignancies. With few excep- 
' tions values for both elements were within normal in the spleen. 

While levels of 479, 409.8 and 721.8 mg. per 100 gm. of iron were 
encountered in the spleen in instances of amyotrophic lateral sclero- 
sis, arteriosclerosis and subacute bacterial endocarditis, respectively, 
they were exceptional. Similarly values of 1.4 and 2.7 mg. per 
100 gm. of copper in the spleen in cases of coronary occlusion and 
essential hypertension respectively were also unusual. The liver 
showed a normal iron content in half and a normal copper content 
in all cases except in 1 of subacute bacterial endocarditis where 
7.2 mg. were stored. 

Iron in the stomach was elevated in all but 2 cases, though the 
only really high value was found in 1 of subacute bacterial endo- 
carditis (137.8 mg.). Copper values were higher than normal in 6, 
normal in 4 and less than normal in 1 instance. 

Discussion. It has been established that in severe secondary 
anemia there is not only no shortage, but actually a large accumula- 
tion of iron and copper in the liver and spleen. Extreme storage of 
these metals was found, especially in malignancies and marked re- 
tention in some non-malignant cases. Evidently a shortage of cop- 
per or iron or both could not be the prime factor responsible for 
anemia. Since a striking retention of iron and copper occurs in 
malignancies even without an accompanying anemia, anemia alone 
could not be responsible for the marked accumulation of these 
metals. Tumors and metastatic lesions showed marked accumula- 
tions of copper but these were not sufficiently large to explain the 
anemia. 
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Siimegi® found 40% less copper than normal in the stomachs of 
rats with experimental cancer. The question arose whether there 
was interference with formation of the anti-anemic factor due to an 
inadequate amount of iron or' copper in the stomach. We found 
sufficient or excessive amounts of these metals in the stomach, in 
the majority of the malignancies. Similarly, in the non-malignant 
cases with severe anemia there was no shortage of iron or copper in 
the stomach and there was moderate retention. While Siimegi’s 
work may offer an explanation for the anemia of rat cancer, it does 
not hold for anemia in humans whose stomachs show normal copper 
and iron values in anemia. 

No correlation could be found between the impairment of nutri- 
tion and the degree of retention of copper and iron. Nor was there 
any rule which metal would be stored, or if both were retained, which 
would be retained more, though retention of iron was more common 
than that of copper. 

It appeared that in spite of adequate amounts of iron and copper 
in the stomach, liimr and spleen, the power to sj'nthesise the blood- 
forming elements was impaired. Under such conditions, large 
amounts of iron and copper stored for emergency purposes cannot 
be utilized in the conversion of inorganic iron into hemoglobin. 
This view e.xplains the apparent paradox of severe anemia despite 
excessive copper and iron storage in the depot organs. 

The most interesting feature of this and the previous work was 
the finding of storage of iron and copper out of all proportion to the 
anemia in malignancies, which reached its highest degree in exten- 
sive metastatic disease. The few cases of malignancies without 
anemia with enormous amounts of copper and iron in the liver and 
spleen show that such accumulation can occur even in the absence of 
anemia, with malignancy as the only apparent causative factor. 
The factors responsible for the extremely high storage of iron and 
copper in the liver and spleen in malignancies could not be deter- 
mined. Nevertheless, this finding was so striking and constant as 
to be significant. 

Summary, 1. The content of iron and copper in liver, spleen, 
stomach and tumor tissue in chronic diseases accompanied by 
secondary anemia has l)een .studied. 

2. There is not only no shortage, Imt actually a large accumula- 
tion of iron and copper in liver and spleen in many cases of anemia. 
Extreme .storage was found especially in malignancies, but was 
dependent on some factor other than the anemia. 

3. Insufficient formation of the anti-anemic factor due to inade- 
quate storage of iron or copper in the stomach .suggested by Siiinegi 
could not be the factor re.sponsible for the anemia since at least 
normal, and in inost cases higher than normal, amounts of tlie.'C 
elements were pre.sent in the stomach. 

4. Tumor tissue showed a high percentage of copper, indicating a 
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marked affinity for this element. This could not, however, have 
played a role in the production of anemia. 
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PORTAL CIRRHOSIS. 

A Correlation op Clinical, Laboratory, Peritoneoscopic 
AND Autopsy Findings. 

By Paul Gottardo, M.S., M.D.. 

CEINICAE ASSISTANT IN MEDICINE, NORTHWESTERN <UNIVERSITY MEDICAE SCHOOE AND 

THE COOK COUNTY HOSPITAE, 

AND 

William L. Winters, M.D., 

ASSOCIATE IN MEDICINE, NORTHWESTERN UNIVERSITY MEDICAE SCHOOL; ATTENDING 
PHYSICIAN, COOK COUNTY HOSPITAL, 

CHICAGO, ILL. 

(From the Department of Internal Medicine, Cook County Hospital, and the Depart- 
ment of Medicine, Northwestern University Medical School.) 

During the past year, the opportunity has been presented for the 
study of 24 cases of hepatic disease that have proven to be portal 
cirrhosis of the liver in varying stages of development. Clinical and 
laboratory data together with peritoneoscopy and postmortem 
examinations were used in determining the diagnosis. An attempt 
to correlate the clinical and laboratory data has led to some observa- 
tions which we consider of significance. 

In the series of 24 cases, peritoneoscopic examination was per- 
formed in 20 cases, with postmortem examination being done on 
3 of these cases. In 4 cases, postmortem examination alone was 
performed. 

In order to simplify our results, ive have adopted the classification 
of cirrhosis of the liver formulated by Connor^ in a recent article. 
This classification appears to be in accord with most of the recent 
clinical and pathologic developments in the field of liver disease. 
He divides portal cirrhosis or chronic diffuse fibrosis of the liver into 
three main types. 

1. Biliary cirrhosis, which is usually associated with biliary 
obstruction. The lesions begin in the portal areas around the bile 
ducts and the liver is usually large, tense, green and may be nodular. 

2. Pigment cirrhosis, which is usually associated with the collec- 
tion of irritating pigments and mctals-around the periphery of the 
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liver lobule. This is associated with periportal connective tissue 
proliferation. The liver is not usually decreased in size and has a 
smooth surface. 

3. Fatty cirrhosis, in which the lesions develop around the lobule 
resulting from the fatty degeneration of cells around the periphery 
of the lobule, followed by fibroblastic proliferation. This tj-pe can 
be divided into three phases; (a) Acute fatty liver which occurs in 
the 40 to 45 age group. The liver is large, pale and greasy containing 
60% fat and is usually smooth. This stage is also called fatty 
metamorphosis of the liver, (b) Fatty liver with early perilobular 
fibrosis which occurs in the 45 to 55 age group. The liver is large or 
normal and may be lobulated or smooth. This corresponds to 
hjTsertrophic fatty cirrhosis, (c) The atrophic phase or classical 
Laennec’s cirrhosis in which the liver is smaller and grossly nodular 
and usually has a thickened capsule. This occurs in the 55 to Co 
age group. 

All of the 24 cases fall into the classification of portal cirrhosis. 
One case was the pigmentary tj^pe of cirrhosis, associated with 
sickle-cell anemia. Two of the cases fell into the classification of 
acute fatty liver or fatty metamorphosis. There were 16 cases of 
hj’pertrophic fatty cirrhosis and 5 cases of atrophic portal cirrhosis. 

The diagnostic observations of the liver were performed by the 
peritoneoscopy service of Dr. LeRoy Sloan and Dr. Frank De Trana 
at the Cook County Hospital. The procedure of peritoneoscopy has 
been repopularized recently by Ruddock." By this method direct 
endoscopic visualization of the liver is possible and in the hands of 
the trained observer, a definite diagnosis of the types of liver disease 
can usually be made, especially if it is the portal tjTpe of cirrhosis. 
This procedure is open to the criticism that biopsies are not made, 
although this can be done with the proper equipment, and that a 
histologic diagnosis is not obtained. However, peritoneoscopy is a 
relatively safe and convenient method for examining the peritoneal 
cavity and some of its contents, especially the liver. In cases of 
ascites or hepatomegaly of undetermined origin, it is often of great 
diagnostic aid. 

A summary of the cases revealed that there were 19 men (10 white 
and 3 negro) and 5 women (3 white and 2 colored). The ages ranged 
from 17 to 75 years with 15 (62.5%) present in the fourth and fifth 
decades of life. Eighteen of the cases (75%) had a definite history 
of chronic alcoholism. Four cases had a history of syphilis, and of 
these, 2 had had indifferent treatment. 

A review of the physical finding showed that alb 24 cases had a 
usually well marked hepatomegaly and the liver extended 2 to 0 
finger-breadths below the right costal margin. If the liver could 
not be palpated due to severe ascites, it could always be felt after 
paracente.«is. The spleen was palpable in 6 of 24 cases (259c); 
Jaundice could be divided into three phases. Seven cases (20%) 
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had severe jaundice; 7 (29%) had moderate jaundice and 5 (20%) 
were subicteric. Upon correlating the type of liver disease with 
jaundice, it was found that in the one case of, pigment cirrhosis 
associated with sickle-cell anemia, jaundice was the most prominent 
feature in the history, having been noted for 6 years before admis- 
sion. In the 2 cases of acute fatty liver, or fatty metamorphosis, 
jaundice was marked on examination and prominent in the case 
history. In the 16 cases of hypertrophic fatty cirrhosis, jaundice 
was marked in both the history and physical examination in 7 of the 
cases, and was not prominent in the others. There were 5 cases of 
atrophic portal cirrhosis, in 3 of which jaundice was prominent in 
both the history and physical findings. Only 14 cases, (60%) ex- 
hibited marked ascites, and here the physical findings were mislead- 
ing in that abdominal enlargement and other signs of fluid did not 
always indicate ascites when paracentesis was performed with the 
peritoneoscope. Pectoral alopecia was present in 6 of the 19 males 

Thus the characteristic picture of the patient with portal cirrhosis 
was that of a male in the fourth and fifth decade of life, usually 
having a history of chronic alcoholism, always presenting a palpable 
liver and usually jaundice and ascites. 

A summary of the laboratory data revealed some interesting find- 
ings. Examination of the blood revealed that 23 cases (96%) had 
some degree of anemia. In 16 cases (67 %) an anemia characterized 
by macrocytosis or hyperchromia or both, was present. Six cases 
(25 %) had some degree of secondary anemia, usually microcytic and 
hypochromic in nature. One case had a typical severe sickle-cell 
anemia and in one case no anemia was demonstrable. 

The frequency of serum protein changes in parenchymal liver 
disease is well known, and this fact is borne out in our series of cases. 
The serum albumin fraction was less than normal in 23 of 24 cases 
(96%). The total serum protein was less than normal in only 3 of 24 
cases (12|%). The serum globulin fraction was elevated in 21 of 24 
cases (87%). If the normal albumin globulin ratio is considered to 
be 2 : 1, then the ratio was lowered in all 24 cases and totally reversed 
(i. c., less than 1) in 16 of 24 cases (67%). Thus it can be seen that 
in this series of cases, the serum protein changes were profound. 

The icteric indices of all 24 cases were above the normal level of 
4 to 6, and varied from 9 to 150. Icteric indices above 10 were found 
in 21 of 24 cases. These findings appear to point out the frequency 
with which jaundice is associated with portal cirrhosis. 

The hippuric acid test showed deficient liver function in 18 of 21 
cases in which 2 was determined, (86%). There appeared to be a 
moderate correlation between the hippuric acid test and serum 
protein determinations as to the severity of liver damage. A brom- 
sulphalein test was performed in one case and a glucose tolerance 
test in another, both showing evidence of decreased liver function. 
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* The serum proteins were determined by the modified method of Kraus (J. Lab. and Clin. Med., 25, 1300, 1940). 

t The hippuric acid determinations wore estimated by a modified method of Kraus and Dulkin (J. Lab. and Clin. Med., 26, 729, 1941). Normal 
c.xcrction of hippuric acid in 4 hours when 5.9 gm. of sodium benzoate are fed is estimated as from 3 to 5 gm. 

Unless otherwise indicated, the blood serological tests were negative. 
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Thus, 20 of 23 cases (83%) showed decrease in liver function as 
determined by the hippuric acid, bromsulphalein and glucose toler- 
ance test, whereas the serum protein tests showed liver damage in 
all cases. 

Discussion. The correlation of data collected in this study has 
brought up some points that we wish to stress. 

First, the correlation between alcoholism and cirrhosis in man is 
noted in our cases, as it has been elsewhere. However, it is well to 
remember that, as yet, no one has produced portal cirrhosis e,xperi- 
mentally by the use of alcohol. In a recent article, Mallory^ 
discussed various toxic substances which are known to cause par- 
enchymal liver disease such as halogenated hydrocarbons, arsphena- 
mine, selenium, and so on, and states that alcohol cannot yet be 
called the cause of portal cirrhosis. 

The association of jaundice with portal cirrhosis, we feel, has not 
received sufficient consideration. It has been our impression that 
students have been taught that jaundice is not frequently associated 
with portal cirrhosis of the liver, and that when it does occur, it is a 
late or terminal manifestation. Richard Cabot classifies jaundice in 
his book " Differential Diagnosis.” Excluding icterus neonatorum 
and sepsis of 6G1 cases of jaundice, only in 48 (7.1%) was the cause 
considered to be portal cirrhosis, which would tend to substantiate 
the above belief. In Tice’s “Practice of Medicine,” the section on 
diseases of the liver by Elliot and Nadlcr states that jaundice is not a 
prominent feature of portal cirrhosis, but that it is encountered at 
some stage in over one-third of the cases. Samuel Weiss in his book, 
“ Diseases of the Liver, Gall Bladder, Ducts and Pancreas,” states 
that early in the course of portal cirrhosis jaundice is not usually 
present. Later, when hepatic insufficiency is pronounced, there is 
said to be a subictcric tint to the skin, or the patient may be jaun- 
diced, and also if jaundice occurs at all, it is of the catarrhal type and 
considered a complication. 

Foley, Keeton, Kendrick and Darling^ reported 21 cases of liver 
disea,se and an analysis of their cases revealed that 20 out of 21 hail 
higher icteric indices than normal. All of the cases were portal 
cirrhosis, except one of acute yellow atrophy. However, this finding 
was not stressed in their paper. 

Wc have noted the frequency of jaundice in our scries of cases. 
It flid not ajipear to be related to the duration of the disease, and in 
fact occurred in the early stages of portal cirrhosis (/. c., the acute 
fatty liver and the liypertrophic fatty stage) as frequently as in the 
later stages. The history of the onset of jaundice is often difficult to 
obtain, but it is frequently one of the earliest and most prominent 
.sy nqitoms in the ca.«e history. This high incidence of jaundice would 
lead us to the impression that liver (lamage of sufficient nature to 
cause a regurgitant or toxic Uttc of jautulicc may occur relatively 
carlv in the course of {lortal cirrhosis. This can be noted in the 
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correlation of the presence of jaundice with the various phases of 
portal cirrhosis. From the vieivpoint of pathogenesis, it is believed 
that actual damage to the liver cells is the first step in the develop- 
ment of portal cirrhosis. Fibrosis and regeneration of the liver cells 
oceurs later and it is reasonable to assume that decrease of liver 
function and jaundice, which is an expression of this, can occur 
early in portal cirrhosis, and may be progressive or intermittent, 
depending on the regenerative ability of the liver. The progression 
of the earlier forms of liver damage, sueh as the so-called catarrhal 
jaundice, simple jaundice, and so on. to the chronic stages of liver 
disease, has been observed clinically by Bloomfield^ and other ob- 
servers. He has been able to demonstrate that portal cirrhosis may 
begin as a catarrhal jaundice, and that acute exacerbations of 
“hepatitis,” characterized by jaundice, can occur during the course 
of the disease. This fits in with the experimental observations on 
cirrhosis and tends to confirm our impression of the presence of 
jaundice during the course of this disease. 

We have noted that 96% of this series of cases exliibited some 
degree of anemia, 67 % of which was macroc 3 'tic or hyperchromic in 
type. However, this association of marked anemia with cirrhosis 
and other chronic liver disease has not been greatlj'- emphasized 
until very recentl 3 ^ Wintrobe,^^ however, found that in 44 cases of 
cirrhosis, 41% had a macrocytic anemia, 34% had a normocj^tic 
anemia and 9% had a hj^pochromic anemia. This anemia was 
attributed to the failure of storage of extrinsic factor in the liver, 
due to the pathologic changes present. Bianco and Jolliffe,^ in a 
stud}’^ of the anemia of the alcohol addict, observed that in 30 
patients with alcoholic cirrhosis, 70% were anemic, and in 53% this 
anemia was macrocj^tic in type and associated with hj'^perchromia. 
Thej'^ attributed the anemia to extrinsic deficiencj'^ of some necessar}'^ 
hematopoietic substance required to maintain normocytosis. 

The alteration of serum proteins in diseases of the liver, particu- 
larly portal cirrhosis, has been well-known since the work of Grenef^ 
and Gilbert and Chera 3 ^® Numerous investigators have reported the 
lowering of total serum protein, especially of the albumin fraction, 
and the lowering or reversal of the albumin globulin ratio, hleyers 
and Keefer^® and Folejq et have reported such changes as 
occurring in all of their cases of portal cirrhosis, and also other 
types of chronic liver disease. Tumen and Bockus^® reported 45 
cases of acute and chronie liver disease in which hypoalbuminemia 
was the most constant feature noted, being present at some time in 
practically every case of chronic advanced liver disease and in most 
cases of obstructive jaundice. They found an elevation of the 
serum globulin and a lowering of the albumin globulin ratio usually 
present but did not think this as significant as a lowering of the 
scrum albumin. 

Our results coincide with previous findings as regards the lowering 
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of serum protein, espeeially tlie albumin fraction and a rise of the 
globulin fraction, with reversal of the albumin globulin ratio. The 
serum protein determinations appear to be the most constant anrl 
perhaps earliest means of determining the severity of liver damage, 
as borne out by the results in comiiarison with other liver function 
tests. 

In this connection it is interesting to note the work of Kirshiiaum 
and Popper,* in a series of cases of toxic hepatitis of a form inter- 
mediate between so-called catarrhal jaundice and acute yellow 
atrophy. They found changes consisting of enlargement of the 
liver and characterized histologically by damage to the liver cells 
and a serous hepatitis with dissociation of the liver cord cells. 
Edema of the liver was marked due to the fact that the Disse space.s, 
between the blood capillaries and the liver cord cells, were markedly 
widened and contained coagulated proteins. The presence of these 
proteins led to the a.ssumption that there was capillary damage with 
exudation of serum protein, and the damage was assumed to be due 
to the to.xic agent pre.sent. When the amount of escaped protein was 
high, there was an increasing accumulation of fluid lictwcen the 
cords of liver cells, due to the decrease of the colloid osmotic pressure 
of the blood. This fluid pressure finally destroyed the structure of 
the liver cells, giving the picture of severe dissociation. This was 
synonymous with ‘‘serous hepatitis” which occurs in the severest 
form in the liver of beriberi. This may be a possible e.xplanation 
for the serum protein changes in parenchymatous liver disease, for 
here is an actual loss of blood protein from the circulation. Since 
the liver is tied U{) witli the intermediary metabolism of serum pro- 
tein, c.specially alluunin, the actual liver damage would prevent or 
inhibit the reformation of the lost protein. 

In a scrie.s of dogs, Elman and Heifetz^ produced a ")()% fail in 
the albumin fraction of the plasma by dietary means, without a 
cliange in the globulin. As the hypoalbuminemia progressed there 
were severe changes in the liver, consisting of increase of tlic water 
content and a fall in the protein content and vacuolation of the 
liver ceils. There was definite impairment of liver function. Thus 
we have corolhary evidence of the effect of protein deficiency on the 
liver and on the .scrum protein levels. 

It would .«eein jilausiblc then to state that there are two factors 
concerned in the pathogenesis of portal cirrhosis. One is the fiictary 
deficiency of imitein, which appears to be iiromincnt in the cir- 
rhotic as cvidenc(‘d by fall in serum jirotein. e.^jiecially of allnmiin 
and the change in the albumin giobtilin ratio. The jiresencc of 
macrocytic .'tnemia, neurologic manifestations ainl often frank [icl- 
higra in the cirrhotic also jioints to this, as has been cini)hasi7.cd by 
.'^ncl!.’- 'I'hc jironiincnce of alcoholism in tlu' cji'^i' history is ex- 
l)lained by the fact that many alcoholics subsist on very little food 
during their debatichcs. .Mso, cirrhosis of the liver is endemic in 
regions where widcsjiread mitritional deficiencies are emnmon, ;is m 
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China. The work of Elman and Heifetz is corollary evidence that 
nutritional deficiency of protein alone can cause liver damage. 

We have reviewed pathologic evidence that certain toxins can 
affect the liver by causing capillary damage and exudation of serum 
protein. It would seem logical to assume that a combination of the 
two factors of protein deficiency and toxic capillary dahaage in the 
liver could explain the pathologic picture of early liver damage and 
that a progression of these changes would eventually lead to a 
classical portal cirrhosis. 

Summary. A series of 24 cases of portal cirrhosis of the liver in 
varying stages was studied in an attempt to correlate clinical and 
laboratory findings. The diagnosis was confirmed by peritoneoscopy 
in 20 cases and by postmortem examination in 4 cases. Marked 
change in the serum albumin and globulin were noted in 100% of 
the cases. There was a marked tendency to the lowering of the 
serum albumin and a rise of the serum globulin with a consequent 
lowering of the albumin globulin ratio in all cases. There was a 
reversal of the albumin globulin ratio in two-thirds of the cases. 
Jaundice was a fairly constant feature being present in some degree, 
as measured by the icteric index in all cases. Jaundice was evident 
on physical examination in 79% of the cases. Changes in the periph- 
eral blood were marked in 96% of the cases. A macrocytic or 
hyperchromic anemia was present in 67% of the cases while 25% 
exhibited a microcytic or hypochromic anemia. One case presented 
a typical severe sickle-cell anemia. Deficiency of liver function, as 
determined mainly by the hippuric acid test and also by a glucose 
tolerance and a bromsulphalein test, was noted in 83 % of the cases. 
When the serum protein determinations were utilized as a liver 
function test, 100% of the cases exhibited a diminution of liver 
function. 

A correlation of clinical and laboratory findings together with • 
peritoneoscopic examination of the liver and postmortem analysis 
would appear to offer useful fields of investigation in liver disease. 

A possible explanation of some etiologic factors in portal cirrhosis 
damage to liver cells, toxic hepatitis, catarrhal jaundice, acute 
yellow atrophy is offered. 
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Betw'EEN July 1, 1937, and June 30, 1940, there were 753 cases 
of diphtlieria admitted to the Los Angeles County General Ilo.spital, 
of ivhom 48% were males and 52% were females. The admissions 
have followed a consistent downward trend each year since 1932, 
though the comparative yearly mortality for the period studied 
showed no appreciable difference (5% for the first 2 years as com- 
pared to 4.2% for the last year). This decline in incidence may well 
be due to natural trends as well as to an extensive immunization 
program. 

Age DLsfribuiiott viih Deaths and Falalifg Rate. Table 1 show.s 
the age distribution of cases, the number of deaths in each group, 
and the fatality rate. Note that the incidence of diphtheria under 
one year of age was extremely low. The majority of eases (01 %) 
occurred before the age of 10, the subsequent incidence gradually 
diminishing to the age of 05. This is similar to the jnihlishcd 
reports of Gordon''’ in Detroit and of Iloyne' in Chicago, J'hc case 
fatality rate showed no marked iliffcrcncc for the small mnnher of 
ease.s. The infant fatality rate was 41.0%. Tliere were only 2 
deaths after the age of 15; one was a male age 37, a chronic alcoholic 
ill for 7 day.s before admission, and the other a male age 47 ill 8 days 
!)eforc afimission and who died within 4 liouns after admission. 

Duration of Illncj^.s Before Administration of Antitoxin. Of our 
patients (>()% were admitted on or before the third day of their 
illness ami the average time before the administration of antitoxin 
in 713 eases was .’>.7 days. In 40 eases the duration was unknown. 
Among the fatal cases the average time was 5 days, which he.ys 
out the frwiiientiy o!)serve<l fact of increasing risk after the third 
day of illness. 
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TabijE 1, — Distbibution of Cases and Deaths Accokding to Age Groups. 


Age. 

Cases. 

Deaths. 

Case fatality 
rate %. 

0- 1 

12 

5 

41.0 

1- 5 

229 

18 

7.8 

5-10 

• . 218 

9 

4.1 

10-15 

80 

2 

2.5 

15-20 

52 

0 

0 

20-25 

43 

0 

0 

25-30 

50 

0 

0 

30-35 

19 

0 

0 

35-40' 

22 

1 

4.5 

40-45 

10 

0 

0 

45-50 

9 

1 

■ 11.1 

50-55 

4 

0 

0 

55-60 

2 

0 

0 

00-05 

3 

0 

0 




— 


Total 

753 

30 

4.8 


Distributio7i of Lesions. Of our cases 53 % were simple tonsillar 
diphtheria. There were no deaths in this group and none in the 
few cases of nasal pharyngeal or pharyngeal diphtheria. One case 
of diphtheria limited to the eye and one case in a burn associated 
with scarlet fever were noted: the former required enucleation and 
the latter skin grafts; both recovered. Table 2 shows the distribu- 
tion of cases with .location of the membrane, the presence of the 
“bull neck” type of infection, and the mortality in the separate 
groups. The fatality rate is high in the group so aptly described as 
“bull neckT In these patients the tissues of the neck externally 
and internally show marked edema and induration as well as 
lymphadenopathy. The membrane tends to spread rapidly and 
assume a dirty, necrotic appearance, and often the involvement is 
so extensive that the airway is obstructed through the nostrils and 
pharynx. In such cases increased pulse rate associated with in- 
creased respiration and temperature are regarded as indications for 
tracheotomy even without suprasternal retractions or cyanosis. 
Experience teaches that intubation is unwise in these cases. There 


was a mortality of 100% in 9 cases of the “bull neck” type in which 
the membrane extended into the larynx, trachea, and bronchi. 

Dosage of Antitoxin. The dosage of antitoxin was determined by 
the apparent toxemia, the extent of the membrane, and the duration 
of the illness; neither w^eight nor age was used as a criterion. 
Twenty-eight per cent each of the total of 753 patients received 
20,000, 30,000, and 40,000 units respectively; less than 4% received 
less than 20,000 units, and 12% received varying amounts over 
40,000 units. Laryngeal cases ivere never given less than 40,000 
units. Two patients did not receive antitoxin; one of tliese was 
moribund and died within an hour, and the other had almost 
recovered when admitted to the hospital. 

^ General Therapy. Therapy in tlie early stages of diphtheria con- 
sists in adequate doses of antitoxin, complete bed rest, constant 
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nursing care, an adequate dietary and vitamin regimen, and intra- 
venous dextrose and insulin. The diagnosis is determined as rapidly 
as possible and treatment is begun in the admitting ward. If the 
skin test for serum sensitivity is negative, intramuscular antitoxin 
is given | hour later; severely toxic patients may receive intravenous 
antitoxin diluted in 200 cc. to 400 cc. of physiologic saline. De.xtrose 

Table 2. — Distribution of Membrane Among Cases With Mortality of Each 





Variety. 





Bull neck. 



Total. 





Cft?e fatality. 



C.i.'c faL-ility 

Type. 


Deaths. 



rate %. 

Ca^cs. Deaths. 

rate %. 

Xa-sal 

Nasal 

0 

\ ° 

0 

0 

0 0 

0 0 

48 

1 

2.1 

Pharj-naeal 

Nasal 

13 

0 

0 0 




Tonsillar 

9 

5 

55 5 

48 

G 

12 5 

Pharj-iiKcal 

Tonsillar 

11 

0 

0.0 

401 

0 

0 0 

Tonsillar 

Pharj-nRcal 

\ 

7 

2S.0 

111 

7 

0.3 

PharyuReal 

Tonsillar 

0 

1 

0 

0 0 

S 

0 

0 0 

PharjTipe.al , 
Larj'nfical 1 

Nasal ! 

t ■ 

1 

1 

100.0 

59 

0 

10 2 

Tonsillar 

Pharj'nRcal 

Larj'nceal 

Nasal 

Tonsillar 


3 

100 0 

19 

4 

21 1 

PlinrjTiRoal 

Larj-nscal 

> u 

o 

100 0 

8 

S 

100.0 

Trachco 

Bronchial 

Earj-iiRoal 

0 

0 

0 0 

30 

4 

11 1 

Comp, wound ' 

0 

0 

0 0 

1 

0 

0 0 

.Scarlet ( 




Eye , . 

0 

0 

0 0 

1 

0 

0 0 

Tot.al 

0-1 

21 

3S S 

753 

30 

4 8 


solution is never used ; it jirccipitates the antitoxin. All patients are 
jilaced at absolute fiat bed rest, and, where necessary, in Trendeleii- 
iuirg position for postural drainage. Patients placed with their 
heads down must be watched with extreme care, as plugs may form 
in the bronchi. In some instances sucli plugs have required bronelio- 
scopic removal to .save life. Ordinarily, after a .short period of 
drainage it is better to keep the jiatient flat, and in some in.staiu'e.s it 
has jmived lienefieial to instil! a drop or two of normal sterile saline 
through the tube at .short intervals in traeheotomizi'd eases. Since 
instituting this method, we have had remarkable freedom from the 
drying out elfeet and eomplieating mucous plugs resulting ther(“- 
from. I'luids arc fortrd. especially in the form of dextrose; if 
neees<ary. this i> given intravenously, ^'itamin B complex and 
vitamin (' are given in large lioses. Barbiturates and bromides are 
u<ed to alleviate n-sties'uess; ojiiati-s are avoided. 
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Complications. Myocarditis. Circulatorj^ failure associated with 
toxic myocarditis is an important problem because of the large 
number of deaths chargeable to it. The prophylactic value of 
prompt recognition of this condition followed by immediate and 
adequate therapy cannot be overstressed. In pharyngeal and naso- 
pharyngeal diphtheria the absorption of toxin is rapid because of 
the large vascular bed at the site of the membrane. Nevertheless, 
if adequate doses of antitoxin are given early the fatality rate is 
low; otherwise it increases rapidly unless other measures are used. 

Most workers classify circulator^'- failure into two groups, early 
and late. Early circulatory failure is an essential part of the 
diphtheritic toxemia while late circulatory failure is a complication 
occurring during convalescence, in the stage of local inflammatory 
reaction of regeneration and repair.'’’®-®-®-^^ 

During recent years, ^ following the work of Hoyne'^ and Gordon® 
we have been able to prevent and to reduce the mortality of diph- 
theritic mj'ocarditis. Prophylactically, dextrose is administered in- 
travenously without waiting for physical signs to appear; insulin is 
also administered to prevent the excessive spill-over and to facilitate 
the assimilation of dextrose. In 1927 Gordon first used dextrose 
routinely in early toxic diphtheria and was followed by Toomey^® 
in 1928. Early in 1934 Hoyne gave it routinely to all patients in the 
following groups: “1, those ill more than 3 days prior to receiving 
antitoxin; 2, ‘bull neck’ type regardless of which day the antitoxin 
had been injected; 3, patients with marked albuminuria; 4, all post- 
nasal cases and all malignant types of any eharacter.” His fatality 
rate was reduced to 9.8% from the usual 30 to 60%. 

Treatment in late circulatory failure differs from that of early circti- 
latory failure because the mechanism of faihire is different. In addi- 
tion to the myocarditis, involvement of the peripheral vasomotor 
mechanism has been demonstrated. In solving this problem the 
rationale of Dr. Gordon has been followed. The pressor principle 
of pituitary extract is used to restore and maintain blood pressure 
adequate for efficient circulatory function. It is imperative that 
the patient be well hydrated before the pitressin is given to avoid 
the undesirable reactions of shock, emesis, pallor and blanching of 
the skin. One-fourth to 1 cc. of pitressin is given subcutaneously 
every 8 hours, or oftener if indicated. Blood pressure readings are 
taken e\'er3' 5 to 15 minutes until the blood pressure has returned 
to normal limits for the individual. Treatment must be continued 
until such normal blood pressure is reached, which may take a 
period of days and demands a knowledge of the normal blood pres- 
sure of small children. At variable intervals after pitressin has been 
given a compensatory diuresis occurs. It then becomes necessary to 
rehydrate the patient and repeat the pitressin. Each case must be 
strictly individualized and never become routine in its handling. 
Recently we have also used adrenal cortex (eschatin) in doses of 

VOL. 204, NO. 2. — AtiausT, 1942 S 
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10 to 20 cc. to maintain blood pressure. Drugs siicli as cafFeine- 
sodium-benzoate and adrenalin are not effective,^ Digitalis is con- 
traindicated and its use is strongly condemned; it increases toxicity 
rapidly.® 

During the year 1937 electrocardiograms were taken on all cases 
of diphtheria whenever possible. This was usually done between 
the tenth and fourteenth days of the disease. During 1938-1940 
electrocardiograms were taken only in those cases showing pulse 
irregularity or clinical evidence of myocarditis. In this series there 
were 278 cases in which electrocardiograms were taken. Changes 
giving evidence of myocardial damage were found in 29 cases (10%). 
The abnormalities and lesions are tabulated in Table 3. h’ifty per 
cent of the total deaths showed evidence of myocarditis clinically 
or at autopsy. In this group of 18 deaths bronchopneumonia oc- 
curred 11 times, “bull neck” 12 times, and tracheotomy had been 
needed 11 times. 


Tabi.k 3. — Variatioss is EREcmocARDtOGRArmc IlECORVisaft is 279 Casks ok 

Ckinicai. Diphtheria. 


No. of 


Myocardial damage 
Rhythm; 

Nodal 

S-A 

S-T ... 

.Aur. extrasystolcs 
Vent, e.xtra.systole.s 
SIiiflinK pacemaker 
Axis deviation; 

Left 

R-t- . . . 

None 

Incr. ))r. interval 
Incr. intravenl. eond. 

ShirriiiR QR.S (2 or more) 

Low voltnRc QRS (2 or more) 
T wave ehanpes; 

Flat Ti ... 

Idat T; . , 

Invertis) Ti 
Iin'ortod T; 

Dilih;t»ic Ti 
Diphasic Ti 

S T interval deviations 
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1 

0 

1 
37 
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a 

•1 

29 

•11 
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9 

•1 

•5 

(I 
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.\ cji.se history is oifered its an e.xample of thenipy just di-'^ciisseii 
in it ptitient showing evidence of marketl toxemitt, myocardial dam- 
jtge jis deinonstnited by electrocardiognims, and markcfi [)criphcr:il 
vasomotor colfitpse. Cases showing bundle branch block arc fata! 
in 11 large percentage of tho.se rejiorted. 


Case History. C. M. w., feniale. Caurasian, a"f 0 yetirs. on-et of illac'" 
was 2 tl-ays !>efore afiiiii-'ion, Demiilier 10, with fever, .-ore fliro-it, an' 
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dysphagia. A positive throat culture for diphtheria was obtained the day 
iDcfore admission. The patient was a Avell-developed and well-nourished 
child, flushed, toxic, acutely ill. Temperature was 101.4°, pulse 140, pd 
respirations 24. There was a tender, non-fluctuating indurated swelling, 
lemon-size, extending from the left submaxillary region to the mastoid. The 
throat showed marked edema and swelling particularly on the left, the 
uvula being pushed to the right. Membrane covered this area and extended 
to the soft palate and right tonsil. The pharynx was obstructed by swelling 
and mucus. No respiratory distress was apparent. The lungs were clear, 
tlie heart normal, and the remainder of the examination negative. 

The laboratory reported positive smears and cultures for Klebs-Loeffler 
bacilli. The blood count was not remarkable, and the urine normal except 
for albumin present on three occasions. A Roentgen Ray examination on 
January 16 showed the heart within nonnal limits, and no evidence of 
parenchymal infiltration. 

Following negative skin tests, 10,000 units of diphtheria antitoxin were 
given intravenously and 30,000 units intramuscularly. During the first 
2 weeks in the hospital the patient received daily 1000 cc. of 5% glucose 
intravenously covered liy adequate insulin. On December 15 and 16 a 
slight drop in blqod pressure was noted (82/53). The heart tones, however, 
were regular and of good quality. On December 17 there was a rapid pro- 
gressive drop in blood pressure (50/?), marked pallor of the face, abdominal 
pain, weak pulse, and general evidence of circulatory collapse. Eschatin, 
pitressin, and 10% glucose intravenously were given with gradual improve- 
ment during the following 2 or 3 days. 

Serial electrocardiograms were taken as^ illustrated in Figures 1 and 2. 
_ These electrocardiograms were chosen from the series as demonstrating 
significant serial changes. Clinically, occasional dropped beats, extrasys- 
toles, and a soft apical murmur were noted. The patient was discharged 
on March 11 as cured, and advised to continue with moderate rest. 

Bronclioimeimonia. Bronchopneumonia was reported in 80 cases. 
Terminally, it was present in 12 postmortem examinations and 
reported clinicallj" in 8 other deaths. In recent years it has re- 
sponded readily to the sulfonamide drugs. 

Asphyxia and Stenosis. Infection limited to the larynx and below 
it becomes primarily a problem of asphyxia from mechanical obstruc- 
tion rather than toxemia. The use of the bronchoscope, and aspira- 
tion of the membrane through it or through the tracheotomy tube 
was instituted under the supervision of our consultant, Dr. Alden 
h'liller. This procedure has reduced the fatality rate from asphyxia 
to 11 % of the 36 deaths. These cases are never placed with lowered 
head, a mistake we formerly made. 

Fifty-four cases required interference of some sort for obstruction 
of the airway. Aspiration of the, membrane gave 1 case adequate 
relief. Intubation, done once or twice, relieved 5 cases but was 
unsatisfactory in 8 others. Tracheotomy was usually performed as 
a matter of choice, either because the tube to be used was too small 
or the inflammation and edema of tissue would quickly obstruct the 
tube s opening. Of a total of 48 who had required tracheotomy, 
22 died. Of the fatal cases, 11 were of the “bull neck” type, 4 were 
laryngotracheal, and the remaining 7 had tonsillopharyngeal and 
laryngeal involvement. 




Fig. 1 . — A, December 10 , 8 days after onset, shoi\"s marked myocardial damnee 
'vith bundle branch block of unclassified tj^pe. B, December 20 ; the bundle branch 
block h.a-s disappeared. Persistcnt^cvidencc of myocardial damace as demonstratcil 
by inverted Ti, low voltage T:, an3 vciy small R. IVF. C, January S, shouT* addi- 
tional changes with presence of diphasic Ti, T;, and the presence of R, I and R, IVF 
with increased elevation. 



j-,,; -j /)_ .luntsarj' 20. furshtT elevation of U. I and It. HI. Jaan- 

a tctisr’ti of Ti and Tj to the uprirh: js^oition -imubatiac a iiorras- 
(hVtrov-.nr.hogr.am. -March 2, an «--.-ntb!ly r.o-inal elcct.-or-ardccram. 
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Dr. S. Jesberg and Dr. A. Miller (Eye and Ear Hospital) from 
1922 to 1927 have seen 6000 cases of which 503 were laryngeal. Of 
these, 25% died during the first 24 hours; and of the survivors, 22 
ended in laryngeal stenosis of such degree as to demand more or less 
protracted treatment. In our series 5 patients had to have such 
treatment. Including these and others referred to them, Drs. Jes- 
berg and Miller have treated 103 such cases with the following 
results: 6 deaths, 1 each from pneumonia, heart failure and lung 
abscess) and 3 of unknown causes; 9 still under treatment as of 
May 22, 1941, all greatly improved; 41 cured within 3 months; 
13 cured within 6 months; 5 cured within 1 year; and 13 cured within 
5 or more years. Most of these patients were treated by constant 
dilatation of the larynx by means of a section or core cut from an 
ordinary rubber urethral catheter pulled up into the introducer. 
These rubber sections were left in place for 2 or 3 weeks and replaced 
by larger ones. This method differs from other methods of indwell- 
ing dilators in that the cores are simply pieces of rubber catheters 
which may usually be introduced through the tracheotomy wound 
without making a large trough. 

In 17 patients the stenosis was so great that before the dilators 
could be used and external tracheolaryngostomy had to be per- 
formed, in which the tracheotomy wound was extended to the upper 
limits of the stenosis, the scar tissue removed, and a trough formed by 
suturing the skin edges to the mucous membrane margins of the 
trachea. In 13 patients puncture cautery of the stenotic ring was 
done through the direct laryngoscope before the dilatations were 
begun. . 

Senmi Reaciiom and Serum Sickness. There was 1 serum, fatality 
noted in the 753 cases. The patient was 5 months old. Following 
a negative skin test, 20,000 units of antitoxin was given intramus- 
cularly, at which time the temperature was 100.4°. Within 12 hours 
the temperature had risen to 106°, and the child died in 86 hours 
with a terminal temperature of 107°. Except for scant terminal 
bronchopneumonia there were no other complications. Unfortu- 
nately, permission for autopsy could not be obtained and the case 
was classified as probable serum reaction. 

There were 181 cases (31.7%) out of 572 in which presence of 
serum sickness was noted; in 181 cases the record was incomplete 
in this respect. Fever, urticaria and serum arthritis were accepted 
as evidence of serum sickness. Table 4 shows the distribution by 
day of occurrence. The duration of reaction was 1 to 4 days and 
except for discomfort it presented no problem. 

MisccUmwous Comjdicaiions. The only other complication which 
occurred with any noticeable frequency ivas otitis media (15 cases). 
Pharyngeal paral.i^sis which is reported so frequently in other hospi- 
tals® occurred in only 7 of the 753 eases, and 1 case of peripheral 
paralysis was noted. ^ It is probable that cases of the latter tiqie do 
not return to contagious disease wards, but are seen elsewhere. 
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The disease most commonly seen -noth diphtheria is scarlet fever, 
of which we saw 24 cases. In the children’s ward of tlie tubercnlosis 
unit there hai-e been outbreaks of diphtheria, often starting from 
an indolent case of the nasal t\ 7 ie. Interestingly enough, the 
University of California Department of Hygiene reports* that the 
cultures from this group were classified as of the gravis tyjie. 

T.sblb 4. — Incidence of Sr.nvsi Sick.vess Asioxg 035 Casf.s bv Dav of O.vset 

OF Reactiox. 


Days. 

CascSv 

Daj-s. 


1 . . . . 

.... 13 

13 ... . 

.... 1 

o 

.... 20 

14 ... . 

.... 4 

3 , . . . 

. ... 5 

15 ... . 

.... 0 

d . . . . 

. , . . S 

10 ... . 

O 

5 . . . . 

.... 15 

17 ... . 

.... 0 

0 ... . 

.... IS 

IS ... . 

o 

' 7 . 

on 

10 ... . 

.... 0 

s ... . 

no 

20 ... . 

. . . . 1) 

0 ... . 

22 

21 ... . 

. . . . 1 

10 ... . 

.... 11 

27 ... . 

. . . . 1 

11 

.... 9 

Unk. . . . 

. . . . 1 

12 ... . 

. . . . 4 

Total 

. . . . ISl 


Death and lis Associated Co7idiiions. Of tlie 3() deaths, 22 were 
in cases which had required tracheotomy, but of these only 4 were 
due to the laryngotraclieo-bronchial type. Death in 1 case was due 
to hemorrhage following accidental severing of an anomalous carotid 
artery. Twenty deaths were in cases of the "bull neck" type. 
Table o shows the more common forms of complications and relatcil 
conditions .seen in the 3G cases of fata! diphtheria. 

Tabt.e 5. — CoMri.iCATJo.vB .A.mong 30 Deatos or DiruTHEniA. 

No. fit r;i>r< 

Bronchopneumonia ~0 

Toxic myocnriiitB, clinicnl and autopsy IS 

Toxic purpura 5 

At elect a.«is .3 

EmphjTcma: 

Sul>cutancou.s .... . . .3 

Mcflia.'itinnl .... 1 

Otitis media ... ■ - 

Hcniorrhacic iicphritl“ . .. . ... 1 

,'\utop.‘<ie.< were performed on 17 of the -Ti deaths. The chief fintl- 
ings other than those of diplitheria per sr were; brotichopncumonia 
in 12, myocarditi.s in !>, ,'itclpctasi.s in 4, otitis media, toxic nepliriti.‘: 
and adrenal hemorrhage each in 2 anti heinorrhttgic nephritis in !. 
The m.voc;irdia! lesions found tiilfereii in lit) e.-isentia! from tfio'^e 
reported by Warthin,” and were tleseribeti as varying tiegrevs and 
cfunbjnations of elontly swelling, monomiclear infiltration, fnignicii- 
tiititm of inusele, parenchymatous tiegeneration ant! necrosis, f>o!y' 
morjdiomiclcar infiltration and fibrtisis. 

Summary. 1. Of 7."i.S ca.'^s of diphtheria. 3r» ( l.S'^D died. 

2. Males rcjtrcscntet! -}S'J7 an<! females olCr- 
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3. The age incidence is charted, showing 61 % before 10 j^ears. 

4. Average duration of illness before antitoxin was given was 
3.7 days. Greater duration is shown to increase hazard. 

5. Distribution -of lesions and increased mortality with, greater 
extension are tabulated. 

6. Dosage of antitoxin was 20,000, 30,000 and 40,000 units in 
28% each of the total, with lesser and larger amounts in a few cases, 
given intramuscularly except to the very toxic. 

7. Therapy as used in the Communicable Disease Unit of the 
Los Angeles County General Hospital is dis'cussed. 

8. Complications of myocarditis, bronchopneumonia, asphyxia 
and stenosis, and other miscellaneous conditions are considered and 
treatment outlined. 

9. Summary of deaths and the associated conditions is presented. 
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THE EFFECT OF KIDNEY POSITION ON RENAL BLOODFLOW 

AND FUNCTION. 

By D. j. Gabriele, M.D., 

MEDICAL RESIDENT, KINGS COUNTY HOSPITAL, BROOKLYN, N. Y.; FORMERLY RESEARCH 
FELLOW IN ANATOMY, MILWAUKEE, WIS. 

(From the Departments of Anatomy and Physiology, Marquette University School 

of Medicine.) 

The piezometric* angle of the renal artery, as a factor determining 
renal bloodflow, was investigated. The importance of such angles 
in the regulation of arterial flow in other parts of the body has 
been emphasized by Swindle." 

Figure 1 shows how the renal circulation may be altered by 
changing the piezometric angle of the renal artery.' With the renal 
artery elevated to Position A, the head pressure falls. At Position C 
the pressure increases instead. 

* A piozoniotric angle is the angle between a tributary and the advancing blood 
stream in the mother artery. 
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The problem was approached in two ways: ] , pressure recordings 
were obtained from the cannulated renal artery of a dog wliile tins 
vessel was made to form various angles with the aorta. 2, Diodrast 
clearance tests were done on several dogs with the renal arterv .at 
various angles. 



Fig. 1. — Pressure relationships in n system of tubes -n-hcrc the branches. A, B an<I 
C, form various angles with the main tube, ^^K, and fluid is traveling in the direction 
indicated. If B represents the approximate angle that the renal artery forms with 
the aorta, .lEV, and if the angle be changed to that of A or C, then the resultant 
head pressure of the renal arterj’ will change as illustrated. 


Methods, Seven dogs under nembufa! anesthesia were used in tltis 
study. On the first dog, the right renal arterj- was cannulated and was 
connected with rubber tubing to a recording tambour. A 4% solution of 
sodium citrate was used ns an anticoagulant. Tracings were obtained for 
various piezomctric angles (Fig. 2). On the remaining animals a subcostal 
incision was made, so that the kidnej- could be exposed and ligated at the 
pedicle, including arterj-, vein, and ureter. The wound was then closed 
immediately to conserve bodj- heat. Then, through a similar incision on 
the opposite side, the left kidnej- was exposed and the ureter was cannulated. 
An infusion of 1 % Diodrast in phj-siologic saline was introduced at the rate 
of 20 drops per minute through a catheter inserted in an e.xtcmal jugular 
vein. For two periods of CO minutes each urine was collected at 10-minufe 
intervals and blood specimens were taken at the exact midpoint of each 
collection period. On Dogs 2, 3, 4 and 5 the kidnej- was unaltered in posi- 
tion during the first CO-minute period but during the second fiO-minute 
jjoriod it was moved cephalad and held securely in this position by light 
packing. Precautions were taken to prevent compression of the renal 
arterj-, vein, and ureter. The angular change of the renal vessels w:y 
approximatelj' 45 degrees. The procedure was reversed on Dogs fi and 7. 
The kidnej- was elevated during the first period, and during the second 
period its nonnal position was restored, Sj-stemic arterial blood pressures 
were taken several time.s during each exiMrimcnt. Blood and urine were 
analj'zed for iodine aceording to the method described recentlj- bj- ,'\.li>ert.' 

Results. Ffgure 2 illustrate.s that a considerable reduction of the 
mean blood pressure and al.so of the pulse prc.s.siire oc<-urred when the 
])iegomctric an.gle of the renal artery was relatively acute. Similarly 
'fable 1 presents evidenee that the plasma eleuraiiee averagwi 
less witli the kidney elevaterl, and Table 2 .shows that an almost 
identic"al reduction (3()y;) oceiirretl when the figures, corrected to 
surface area, arc coinpare<l with those of the cmitrol jfcriods of the 




Fig. 2. — Effect on the mean blood pressure and the pulse pressure of the renal 
artery, when its piezometvic angle is altered. A, with the renal artery at its normal 
position; B, with the renal artery elevated; Bi, continuation of B; C, ndth the renal 
artery lowered. The base line is a straight one and simply serves for comparison. 
Note that the mean and pulse pressures are reduced when the kidney is elevated and 
increased when the artery is lowered. 

Table 1.— Results of Diodrast Clearance Tests With the Kidney in (a) 
Normal and (b) Elevated Position. 

Each plasma clearance value is derived from a 1-hour test consisting of 6 urine 
collection periods of 10 minutes each, as described under Methods. The control 
period during which the kidney was in its normal position is indicated by (o) and 
the GO-minutc period during which the kidney was elevated by (6). 


Dor. 

Weight 

(kR.). 

Hematocrit 
(% cells). 

Blood 
pressure 
(mm. Hr). 


Plasma 

clearance 

(cc./min.). 

Corrected 
to sq. m. 

Reduction 

(%). 

2 

. 11.4 

48.0 

98 

(o) 

91.4 

163.2 




47.5 

104 

(5) 

54.9 

98.0. 

39.9 

3 . . 

. 12.0 

52.5 

106 

(o) 

98.8 

167.4 




53.2 

98 

(5) 

62.8 

106.4 

36.4 

4 . . 

5.9 

49.3 

86 

(a) 

57.9 

156.5 




47,5 

90 

ib) 

38.2 

103.3 

36.4 

6 . . 

. . 2.S 

54.0 

82 

(a) 

29.8 

141.9 




51.5 

84 

i.b) 

20.2 

96.1 

32.3 


Average 36 . 6 


Table 2.— Results of Diodrast Clearance Tests Where the Period of Kidney 
Elev.ation Precedes the Period During Which the Kidney Was Restored 


TO 

Its Normal 

Position. 

(a) AND (5) 

Signify the 

Same as in Table 1, 

Dor. 

Weight 

(kg.). 

Blood 

Hematocrit pressure, 
(% cells). (mm. Hg). 


Plasma 

clearance 

(cc./min.). 

Corrected 
to sq. m. 

% improve- 
ment. 

0 . 

. . 14.9 

44.0 

110 

(b) 

75.2 

110.6 




42 5 

104 

la) 

94.8 

139.4 

26,0 

7 

. . 22.0 

44.0 

118 

m 

96.2 

109.3 




43.5 

no 

(a) 

112.5 

127.8 

16.9 







Average 

21.4 
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first group of dogs. However, in the second group an improvement 
of only 21.4% resulted when the kidney position was re.stored. In 
this regard, the observation was made in all cases that the kidney 
became markedly congested and increased in size shortly after it 
was elevated. 

• It will be noted that the volume output of urine in Dogs 3, 4 and h 
was reduced from 0% to 51.9% after kidney elevation (Table 3). 


Table 3.— Iu.estrates the Exact QuAX-nrE of Uri.ve Elaborated ny Each' 
Doc. Deluxe Each 10-mixute Period of the Entire Experiment. 

The fifmrcs in italics represent the period durinpc ivhich the kidney -ivas elevated. 


Urine volume in cubic centimeters. 


Time 

(min.). 

2. 

3. 

4. 

O. 

0. 

7 . ' 

0 

xo . 

. , 3.4 

5.8 

0.0 

8.2 

3 8 

4-2 

20 . 

. . 3,0 

0.0 

7.4 

S 0 

3 3 

3 9 

.30 . 

. . 4.0 

7.4 

8.0 

8.2 

3 1 

3 7 

40 . 

. . 3.S 

5.8 

8.0 

8,4 

3.0 

3 2 

50 . 

. . 3 9 

0.0 

0 1 

7 2 

2 0 

3 t 

00 . 

. . 3 8 

a 0 

S.l 

0 S 

2 4 

2 S 


— 

— 

— ^ — 

— 

— 

— 


22,0 

30 0 

47,8 

40 S 

IS n 

20 0 


Inicrral Diiritig Which Piczomctric Angk TTnj Chnnocil. 


80 

00 . 

. . 4.8 

3 4 

0 r, 

4 2 

3 8 

3 1 

ton . 

. . 4 3 

3 2 

0 9 

4 2 

3 0 

3 0 

no . 

. . 3 8 

3 4 

a a 

4 3 

4 4 

.3 2 

120 , 

. , 3 S 

3 0 

r, 3 

3 ,0 

4 0 

2 8 

1.30 . 

. . 3 4 

3 3 

8 7 

3 3 

4 0 

2 1 

140 . 

. . 3 0 

3 2 

r, 3 

2 r, 

3 7 

3 2 


— 

— 

— 

— 

— 




23 / 

10 o 

ST. 3 

22 8 

21 4 

17 7 


(’omparable reductions did not occur in any of the other animals 
except Dog (». but the urine output nevcrt!ielc.«s fiiininished jirogrcs- 
sively during the elevation period in all of the flogs. 

Discussion. It has been demon.stratcd in this invc.stigation that 
renal bloodflow can be reduced considerably by elevating the kitlney. 
The inecbanism rc.spon.siblc is undoubtetlly a simultaneous rtHluction 
of the mean blood pressure and also the pulse pressure. Iriedinnn. 
.Sugnnuan and Selzcr’ state that a reduction of both mean ami pulse 
pressure is invariably followcfl by renal vasodilatation and a hill 
in the ghuncrular filtration rate. It can be safely assumed, there- 
fore, that glomerular filtration in these dogs was alsf> rediimi. i hat 
this oeenrred is further substantintefi by inieroseojiie sections which 
reveal that the glomerular capiliaric.s of elevated kiiineys afijicar 
considerably less filled witii blood than those of normal, control 

kidneys. . , . u • • 

Bcfftrc results of this nature tfiay be apjdied ehnif-any. it is neec.-'- 
sarv to establish that the kiflney fif biiman beings is not fixed an'i 
identical in position in ail individuals. Moofly and \anNuys' 
claim that the kifineys in most healthy men and women have a ffui- 
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siderable range of mobility, the range of excursion in women varying 
between 0.1 to 9.3 em. They conclude that the kidney is definitely 
a floating organ. Acknowledging, therefore, that variability of 
position exists, it is obvious that there is also variability of the piezo- 
metric angles of the renal artery. This may well be an anatomic 
basis of what is commonly spoken of as “a predisposition toward 
hypertension.” 

Woodruff and Milbert® have demonstrated that kidney position 
is altered by pregnancy and that as gestation progresses, the kidney 
is gradually raised cephalad by the advancing uterus. Therefore, 
the distinct change in renal bloodflow which follows when the piezo- 
metric angle of the renal artery is reduced may be the factor which 
initiates the clinical picture of toxemia of pregnanc3^ Since the 
degree of renal embarrassment depends on the height to which the 
kidney is raised, there are factors present in the incidence of toxemia 
which indicate that in such cases the kidney may be elevated rela- 
tively higher than in otherwise normal pregnancies. For instance, 
Stander” notes that toxemia is more frequent in primiparae rather 
than in multiparie and the uterus is commonly overdistended as with 
multiple pregnancy or even polyhydramnios. Interesting in regard 
to the observation that primiparie are more susceptible is the nota- 
tion by Griefenstein^ that recurrences in previously eclamptic women 
average only 2.6%. It is possible to explain these apparently unre- 
lated facts on a physiologic basis. Primiparee unquestionably have 
greater tone to their abdominal musculature, they therefore carry 
their pregnancy relatively high and the pressure displacing the kid- 
neys is conceivably greater. On the other hand, multiparee with 
their relaxed abdominal musculature permit greater forward protru- 
sion of the pregnancy with a consequent diversion of the otherwise 
cephalad pressure. In addition, the presence of an overdistended 
uterus still further contributes to the displacement of the kidneys. 

Corcoran and Page^ in their study of renal function in late toxemia 
of pregnancy discovered that those cases uncomplicated bj^ previous 
hypertension have without exception a low filtration rate even in 
the presence of a normal or decreased total renal bloodflow. They 
concluded by a process of elimination that the primary cause of the 
diminished filtration rate is increased resistance of the glomerular 
filter. In view of the fact that the hydrostatic pressure of the 
glomerulus can be reduced so markedly by elevation of the kidney 
it would appear more correct to assume that derangement of the 
glomerular function occurs secondarily. 

Summary. 1. Renal bloodflow is profoundly reduced when the 
piezometric angle of the renal artery is made relatively acute. 

^ 2. It is possible that the anatomic basis of predisposition toward 
hypertension lies in the extreme variability of the position of the 
kidney. 

3. The deranged renal function of uncomplicated late toxemia of 
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pregnancy may be the result of relatively high elevation of the kidney 
during gestation, depending on body type and abdominal muscle 
tone. 
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GIANT FOmCDLAR LYMPHOBLASTOMA (GIANT LYMPH 
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NEW a-ORK, N. y. 

Slncb 192 . 9 , Avlien Brill, Baehr and Rosenthal® first called atten- 
tion to the pathologic picture now generally referred to as giant 
follicular lymphoblastoma, a number of reports have appeared in 
the literature dealing with this condition. More recently there have 
been several excellent publications in which the (hseiissions of the 
clinical and pathologic aspects were based on large scries of cases. 
The purpose of this report is to stress certain points in connection 
with this disease entity rather than to add to the ever-grttwing num- 
i)cr of eases. 

We feel that, although the condition is well known to and etisily 
recognix.ed by most pathologists, it is still thought of only too 
rarely by the clinician. 'I'lic importance of its early recognition — 
iind this c;in he tioiie only by biopsy and histologic i^ttuly of the 
iym})h node removt/d — lieeomes apparent when one know.s how re- 
markably radiosensitive these tissues arc, jiarticularly in their early 
stiiges. However, it must he borne in mind that reenrrenee.' are 

• rrf<'ntpd in iLirt l.t-forc tin" U.T<"tern Mf'Fi-al ?Gvk-ty of tb." City of Nrw 
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common and that after a number of years the disease may take a 
malignant form and terminate as lymphosarcoma, lymphatic leu- 
kemia or Hodgkin’s disease. 

Definition. Giant follicular lymphoblastoma is a relatively benign 
disease of the lymphatic system. It is characterized by: lymph- 
adenopathy, which is due to enlargement of the follicles of the in- 
volved nodes; splenomegaly in most cases; a normal blood picture; 
the absence of anemia and cachexia; a long course; and a prompt 
response of the lymph nodes and spleen to Roentgen ray therapy in 
the early stages of the disease. 

History. In 1901 a case of “simple hyperplasia” of lymph nodes 
was reported by Becker® which apparently showed the histologic 
picture of the disease entity under consideration. In the next 
20 years a few other investigators’^*®-'^ described the condition. 
However, it was not until Brill and his coworkers reported their 
2 cases in 1925 that the attention of the medical profession in this 
country was drawn to this disease. They considered it a benign 
lymphadenopathy and applied the name, “giant follicle hyper- 
plasia.” IVo years later Symmers'^“ reported 3 additional cases. 
In that same year Baehr and RosenthaB reported a total of 6 cases, 
but now described the condition as “malignant lymph follicle hyper- 
plasia of spleen and lymph nodes.” They regarded it as a clinical 
and pathologic entity distinct from lymphosarcoma. 

By 1931, Baehr, Klemperer and Rosenthal® were convinced that 
the disease could be differentiated from simple follicular hyperplasia 
of inflammatory nature. Furthermore, they had followed some of 
their cases long enough to observe that later in the course of the 
disease, the follicles fused, the capsule became infiltrated and the 
surrounding tissue invaded. This forced them to the conclusion 
that the condition was a form of lymphosarcoma. They therefore 
proposed the name “follicular lymphoblastoma,” which is now in 
fairly general use. The above-named group continues to maintain 
this view.' 

The inflammatory or toxic origin of the disease has been cham- 
pioned by Symmers'^® who, in 1938, reviewed 32 cases, and applied 
the term “ giant follicular lymphadenopathy with or without spleno- 
megaly.” 

Thirteen seen cases and 59 collected from the literature were 
studied (1940) by Baggenstoss and Heek.^ More recently, Gall, 
Morrison and Scott® reviewed 63 cases diagnosed by biopsy or 
necropsy. 

Pathology. Our purpose is to deal with the clinical aspects of the 
disease and its pathogenesis. In order to clarify our views we shall 
discuss briefly the pathologic changes encountered. The disease 
appears to have a multicentric origin, so that enlarged lymph nodes 
may be found in various parts of the body. These may attain great 
size, the nodes remaining discrete and firm in consistency. Gener- 
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ally the spleen is markedly enlarged. Involvement of various other 
organs has been reported. As the reported cases aeemmilate it 
becomes evident that lymphatic tissue of almost any organ in the 
body may be the seat of such lesions. 

The enlargement of the lymph nodes is due to a marked increase 
iri the number and size of the lymph follicles. These are usually 
diffusely scattered throughout the node and may reach tremendous 
size. As the disease progresses the follicles may fuse and the histo- 
logic picture change so completely that no trace of the follicular 
structure may be found. 

Similarly, the splenic enlargement is due to an increase in the 
number and size of the IMalpighian corpuscles. When perinodal 
tissue is involved, the same follicular arrangement is seen as within 
the nodes themselves. | 

The primary change within the lymph follicles theinselvc.s appcans 
to be the formation of large “germinal centers” surrounded by a 
rim of darker staining adult lymphocytes. The enlargement of 
the follicles and their increase in number causes compres.sion of the 
interfollicular structures. Gall and his associates recognize four 
types of lesions, dependent largely upon the state of preservation of 
the follicles, and express the view that they ]>robably reprc.sent 
progressive phases in the pathogene.sis of the disease. 

Clinical Conrf>e. As in most diseases of the lymphatic .sy.steni, 
so in giant follicular lymphoblastoma the clinical picture is very 
variable. The disease usually makes its appearance in the third or 
fourth decade of life. The first manifestation is generally an en- 
largement of regional lymph nodes, axillary, inguinal, cervical, 
retroperitoneal, and so on. The involvement may be more or Ic-ss 
generalized when the patient first comes under observation. .Spleni>- 
megaly occurs in a fair percentage of ca.sc.s, variously given as 339f 
to(n.i%. 

It is remarkairle that the patient has a feeling of well-being even 
when the lymphadenopathy is widespread. Cachexia is u.su;illy 
absent and anemia a relatively rare occurrence. In the early stages 
tiic blood picture may be entirely normal. The disease runs a pro- 
tracted cour.se. I’he average duration is 'j to (i years. Two cases 
referred to by Ilaggen.sto.ss and Ileck were ali\e after 17 years. 
.Ascites and hydrotliorax are not infrecpiently encountered. Os- 
seous, cutaneous, pulmonary, genito-urinary, gastro-intestinal and 
tonsillar involvement have been rejmrted. 

•MI investigators agree that in the early stages of the disease the 
lymph nodes .show a remarkable sensitivity to the Roentgen rays. 
The lyinjdi nodes may no longer be i)alpab!e and the si)leen may he 
restored to its normal size after a few exposures. However, as the 
disease ])rogresses, this ra<lioscnsitivity flirninishes and finally there 
is no response to Roentgen ray therapy. .After rejjeated remissions, 
the disease may terminate as lynjphosarctmia, lymjih.'itie leukemia 
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or Hodgkin’s disease. Thus far, no cases have been reported as 
cured. 

Case Eeports. Two cases seen by us are briefly summarized here 
to illustrate the early clinical manifestations. 

Case 1. Mr.s. B. R., aged 57, was admitted to the Medical Service of 
the Beth Israel Hospital on February 13, 1940, complaining of fatigue of 
1 month’s duration and pain in the left leg for 1 week. During the 3 years 
prior to admission she had been examined repeatedly because of abdominal 
distress and eructations attributed to a proven cholehthiasis. She was 
examined 1 week before her admission to the hospital and found to have a 
mass in the abdomen. Her past history and family history were non- 
contributory. 

On admission to the hospital her temperature was 99.6° but reached 
normal the next day and remained so. There was slight conjunctival 
icterus. A soft systolic murmur was heard at the apex. The lungs were 
clear. The superficial veins in the suprapubic region were somewhat dis- 
^ tended. A huge mass filled the left side of the abdomen and flank, the 
' medial border of the mass extending to the mid-line, the lower edge to the 
iliac crest. The mass moved somewhat on respiration and was ballotable. 
The edge of the spleen could be felt just below the costal margin and dis- 
tinct from this tumor mass. The liver could not be palpated. One small 
non-tender node was present in the right supraclavicular region. Several 
discrete, non-tender lymph nodes were palpated in both inguinal regions. 
They were more numerous on the left side where one larger node, about 
^ inch in diameter, could be felt. From the vaginal examination it would 
appear that the abdominal mass did not arise from any of the pelvic organs. 
On digital rectal examination a firm, non-tender mass could be felt extrinsic 
to the rectum. 

A blood count showed 4,500,000 red cells and 90 _% hemoglobin. There 
were 6400 white blood cells with a normal differential count including 3 % 
eosinophils. The blood chemistry figures were normal. Blood Wasser- 
mann test was negative. Repeated urine examinations were negative 
except for occasional pus cells in non-centrifuged specimens. The stools 
showed no occult blood. 

Roentgenologically, the colon was found to be normal in position and 
normal in contour except for diminution of the lumen of the descending 
portion. The gall bladder was long and flexible and contained numerous 
radio-opaque calculi. An intravenous p 5 '^elogram showed normal kidneys, 
pelves and calyces. There was evidence of extrinsic pressure on the upper 
surface of the bladder. On the flat film of the abdomen the liver appeared 
normal in size and the shadow of a small spleen could be seen very clearly. 
A large, moderately opaque mass occupied the greater portion of the left 
side of the abdomen. This mass did not displace the left kidney, nor 
encroach on the left psoas shadow, Roentgen rays of the chest showed no 
evidence of mediastinal involvement. 

On February 26, 1940, a Ijunph node was removed from the left inguinal 
region. Microscopic examination of this node showed tremendous follicles 
resembling large “germinal centers” and surrounded by a zone of mature 
lymphocytes. In some places the sinusoids and Ijmphocytes were markedly 
compressed by the giant follicles (Fig, 1). 

The patient received 9 Roentgen ray treatments in all. After the sixth 
exposure a definite and marked decrease in the size of the abdominal mass 
could be noted. At the time of her discharge from the hospital, on March 24, 
1940, the abdominal mass was no longer palpable. A few ver 3 " small bmph 
nodes persisted in her left inguinal region and one in the left supraclaHcular 
region. 
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Up to the present time, February' 1942, the patient has continued in good 
health and has shown no recurrence of the adenopathy. 

Case 2. Mrs. Y. S., aged 54, was admitted to the'hospital on April 2S, 
1941, because of a slight painless srvelling on the left side of the neck of 
2 months' duration. There were no other complaints. There was nothing 
of note in her past or family history. 


Fto. 1. — A, Section of a “normal Ij-mph node mth Jarpe, p.ale stninmp centers 
surrounded by a rim of adult lymphocytes. The lymph folliele.s arc distinctly 
separated. B, Markedly cnlarpcd follicles with compre.'sion of the intcrfolliciiiar 
structures (Case 1). (Same magnification as that used iu A.) 


On admis.sion to the liospital .she did not apitcar acutely or chronicaih’ ill. 
Her temperature was 100.G°, and subsequently ranged between 98.0° and 
99.8°. A firm, non-tender, freely movable mass about inchc.s in diam- 
eter wa.s pre.-ent in the loft posterior cervical region. Tlii.s was not .at- 
tached to the skin or the underlying structures. There were also a few .small, 
discrete lymph nodes in the anterior triangle of the loft .ride of the neck and 
2'small liodc-s in each axilla. There was no other apparent adenopathy. 
The liver and spleen could not he palp.ated. The remainder of the jihysical 
examination was cssenti.ally normal. 

Blood studies showed 4, .550, 000 red cells with SOVf hemoglobin. Tiw 
white cell count r.angecl from 3100 to 3.300. There was a normal differential 
count with 3',' to Aff, eosinophils. Blood chcrni.stn,- was nonnnl. The 
hluod Wa'^sennann te.st was negative. Urines .Aiowod a Im.aay tnice of 
alluunin and many pus cells witli occ.a.sional pus clumps. 

Boentgen ray examination of tlio c!ic.st showed some c.alcified nodes m 
both hilar regions but no mcdi.astinal involvement. 

On ^i.av 3, 1941, .a Kunpli no<ie w.as removed from the left stipraelavini- 
lar region". Microscopic e.xjiminntion of tliis luvle .showed the e.arly change- 
of giant follicular Ivmphohlastoitm (l ie. 2). 

The patient was" discharged on IMay 9, 1911, and referred for Boenige!! 
rav therapv. In all, she received 15 treatments, the last one on .tune Ifi. 
1911. On'June 9. BMl, it was noted that tiie size of the lymph iH)des Ind 
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diminished. By June 16 the nodes in the right supraclavicular region were 
no longer palpable. When seen on November 14, the patient was gener- 
ally well. There were no palpable cervical, axillary or inguinal nodes. 
The liver and spleen could not be palpated. 



Fig. 2.— Tremendous enlargement of the follicles which are surrounded by darker 
staining, adult lymphocytes compressed into a thin rim. There is also fusion of tho 
follicles at some points (Case 2) . 

Comments. Despite careful studies of biopsy and autopsy mate- 
rial there still exist differences of opinion as to the classification and 
pathogenesis of giant follicular lymphoblastoma. Most investigators 
agree that this condition represents merely a stage in the pathologic 
changes occurring in the lymphatic tissue, since sooner or later this 
relatively benign disease terminates as a lymphosarcoma, or lym- 
phatic leukemia. A terminal picture of Hodgkin’s disease has also 
been suggested by Symmers.”*' 

It has been suggested bj'^ Ross'® that this condition is a hyperplasia 
of undifferentiated cells with unrestricted potentialities for differen- 
tiation. He regards it as a “lymphoid reticulosis.” Jackson" also 
looks upon it as an early form of malignant lymphoma which may 
become transformed into any one of the recognized types. Sym- 
iners"*’ maintains his original view that giant follicular lympho- 
blastoma is most likely of inflammatory or toxic origin. He feels 
it is “capable of direct transformation into a polymorphous cell 
sarcoma;” he holds that it may also have superimposed upon it the 
histologic features of Hodgkin’s disease by the deposition in the 
modified lymph nodes of megakaryocytes from the bone marrow. 
In like fashion it may become associated with the changes of lym- 
phatic leukemia. These views are at variance with those of Baehr 
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and Klemperer who state that their experiences suggest “ that 
follicular lymphoblastoma may represent a borderline condition 
between lymphosarcoma and lymphatic leukemia, just as in its 
early stages tlie disease may seem to represent a transition between 
hyperplasia and lymphosarcoma.”* 

It has long been recognized, and recently stressed in- one of us,’'’ 
that in different diseases involving the lymphatic tissue different 
structural components of the lymph nodes are primarily involved. 
So, for e.xample, we find that in Hodgkin’s disease the endothelial 
portion is the seat of the disorder. There are other diseases of the 
lymphatic system in which the involvement is fundamentally one 
of the lymphocytic tissue of the lymph glands. Sueh is the case in 
lymphatic leukemia. In still others the lymphocytic and the reticu- 
lar structures are involved, giving the pathologic picture of lympho- 
sarcoma and reticulum cell sarcoma. In giant follicular lympho- 
blastoma the “germinal centers” of the secondary follicles are the 
point of departure of the pathologic process. In inflammatory dis- 
eases, such as tuberculosis and syphilis, all structures within the 
lymph nodes usually show changes. 

It is generally true that the patient in whom a diagnosis of 
lymphosarcoma is established by biop.sy will continue to have 
lymphosarcoma until his death. The same holds for Hodgkin's 
disease and lymphatic leukemia. Our concejit is that in giant fol- 
licular lymphoblastoma the groundwork for the terminal picture is 
laid down early in the disease, despite the fact that in the very 
earliest stages this cannot at present be recognized by the path- 
ologi.st. 

We feel that, whatever the ctiologic factor, the di.sea.se starts in 
the so-called “germinal centers” of the lymph follicles. At this 
stage it is still reversible, but it may terminate as lymphosarcoma, 
lymphatic leukemia or, in rare ca.scs, Hodgkin’s disease.* 

A knowledge of the cour.se the disease may take and the fatal 
termination which may lie anticipated is of jiracticai importance. 

It is possible that, by continuing Roentgen ray therapy during the 
periods of remission, the development of the malignant phase may 
1)0 retarded or prevented. 

Conclusions. 1. I'hc pathologic changes encountered in gi.-int 
follicular lymphoblastoma are de,scribcd briefly. 

2. The clinical course of the disease is outlincfl and 2 ilhistr;iti\ e 
cases arc cited. 

I'he fact is stre-ssefi that the disea.se may terminate with the 
j)icture of lymphosarcoma, lymphatic leukemia or, ran.-Iy, Hodgkin s 
<lisease. 


• Wf i!o tuil ki:o«- of nny wctLimth'-nliintci! i-.-v-v’.i of ynot lyrne'' 
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4, The concept that the groundwork for the terminal picture is 
laid down in the ver}’- beginning of the disease is offered. 

5. It is suggested that Roentgen ray therapy during the remissions 
in the course of the disease may retard or prevent the development of 
the malignant phase. 

We wish to thank Dr. Alfred Plant for the histologic preparations. 
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ACUTE MYOCARDIAL INFARCTION WITHOUT DEVIATION OF 
THE S-T SEGMENT IN THE ELECTROCARDIOGRAM.* 

By R. Langendorf, M.D., 

fellow of the cardiovascular department, 
and 

B. IvOVITZ, M.D. 

resident in pathology, MICHAEL REESE HOSPITAL, 

CHICAGO, ILL. 

(From the Cardiovascular Department and the Department of Pathology, 
Michael Reese Hospital.) 

Ajiong the deviations from the classical pattern in recent myo- 
cardial infarction- we have found a type for which no proven 
explanation has been offered. It is the type which resembles the 
classical curve but lacks the characteristic sign which is part of the 
ex])ected record, namely, an elevation of the S-T segment, the so- 
called “high take off” of the T-wave in the older literature. 

The case presented in this report is the only one with autopsy in 
our series of S cases with recent myocardial infarction in which the 
acute stage showed no S-T deviations or only an S-T depression. 
This electrocardiogram in the autopsied case was found to be asso- 
coated with recent infarction which did not extend to the epicardium. 
The e.xplanation offered by Boyd and Scherf® and by Ashman and 
Hulh thus seems to be substantiated. 

* Aided by the A. D. Nast and the Emil and Fanny Wcdeles Funds for Cardiac 
Research. 
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Case Report. A G3-year-old female was admitted to the Orthomlic 
Ser\nce (Dr. D. H. Le^’inthal) of this hospital on June 15, 1941 complainine 
of severe pain in the right hip joint. One hour before admission she liad 
stumbled in her room at home, had fallen to the floor and was un.able to 
rise. Several months before she had complained of pain in the richt hip 
and Roentgen-ray had revealed a cystic lesion of the neck of the right femur! 
A ^e^•iew of sj’stems was essentially negative. The past histoiy did not 
reveal any sjTnptoms indicative of cardiovascular disease. 

On admission the temperature was 98.6° F., the pulse 9G and regular, 
respiration 22, blood pressure 140/90 mm. Hg. Physical e.xamination 
showed a normally developed and well nourished female, in evident severe 
pain. Heart, lungs and abdomen showed no abnormal findings. The right 
leg appeared shorter than the left. A Roentgen-r.ay picture revealed a 
pathologic fracture of the neck of the femur at the level of the lesser tro- 
chanter. Russel traction was applied, and morphine administered for 
pain. Laboratory’ findings: glucose 97 mg. per 100 cc., N.P.N. 38 mg. jicr 
100 cc., uric acid 4.4 mg. per 100 cc., calcium 9.9 mg. per 100 cc., phos- 
phorus 2.6 mg. per 100 cc.^ phosphatase 2.9 units. The blood count showed 
R.B.C. 4 million, W.B.C. 10,250 with 70% neutrophils. There was some 
albumin in the urine and a few granular casts were found on microscoiiic 
examination. 

The Russel leg traction was not satisfactory’, and so an attempt was made 
on June 24, 1941, to reduce the fracture under pentothal anesthesia, but 
the Roentgen-ray on the following day’ revealed the fragments still in poor 
position. Reduction was attempted again on June 28 witli little succcs.s. 
The patient began running a low grade fever and on July 3 a diagnosis of 
bronchopneumonia was made and sulfathiazole therapy started. A chest 
film showed an area of haziness adjacent to the apex of the heart. An 
electrocardiogram (Fig. lA) was taken. On July 7 the Roentgen-ray 
revealed the pneumonic process to be resolving. Aspiration biopsy from 
the fracture site .showed blood inflammatory’ cells and occasional giant cells. 
On July 15 curettement of the bone cyst was carried out under gas anes- 
thesia. A Smith-Peterson nail was introduced to unite the bone fragments. 
The immediate postoperative condition was excellent. 

Suddenly, on July 17, the temperature rose to 102° F., the ])ulsc to 120, 
the patient became markedly dyspneic and cyanotic, tlm blood pressure 
dropped to 85/55 mm. Ilg., and the W.B.C.’s rose to 20,000. The R.B.C.’s 
had fallen to 2,700,000. Signs of bilateral bronchopneumonia were present. 
The patient received 50 cc. of 5% sodium sulfathiazole intravenously and 
2000 cc. of glucose and saline by clysis. 

On July 18 the condition ai)j)carcd unchanged; temperature 103.6° F. A 
transfusion of 2.50 cc. of blood was administered, followed by 1000 cc. of 
2.5% glucose. 

On July’ 19 an electrocardiogram was taken (Fig. Hi). The blood pre.-^sure 
then was 82,70 mm. llg. A Ijlood transfusion of 2.50 cc. was repeated and 
2000 cc. of 5% glucose were given by venoclysis. 

On July’ 20 the jxatient’s condition was “almost tcnninal.” Cheyne- 
Stoke.s breathing, marke<l cyanosis was present, the temiK-rature was 
103° F., the blood pressure 92,'80 mm. Ilg. .\gain, .500 cc. of blwd and 
2000 cc. of 5% glucose were given. 

On Julv 21 the third clectroc.ardiogram was taken (Fig. IC). .-Vnother 
.500 cc. blood transfusion and 2(^ of 10% glucose were ndministerc<i. The 
patient died the following moniing. 

At no time during her hospital stay did she receive digital!-. 

Autopsy Findings. Pathologic diagnosis: ^Iyxomatol|s central o-t<'i>- 
chondroma of the right femur with subtrochanteric fracture: .severe rnrojiary 
arteriosclerosis and atheromatosis of the jiorta; recejit thrombus in the 
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anterior descending branch of the left coronary artery; recent myocardial 
infarct of the anterior wall of the left ventricle and interventricular septum; 
mural thrombi in the left ventricle; terminal endocarditis superimposed on 
an old endocarditis of the mitral valve; passive hyperemia of the liver; 
bilateral hydrothorax; acute purulent bronchitis; recent bronchopneumonia 
of the right upper lobe; fibrosis and passive hyperemia of the spleen; arterio- 
sclerotic scars of the kidneys; foci of old encephalomalacia. 

Gross examination of the heart: The heart weighs 225 gm. The epi- 
cardium appears nonnal. The left ventricle is soft. The mitral valve is 
thickened and shows a few minute glistening yerrucse along the line of 
closure. The valve circumferences measure: tricuspid, 11 cm.; pulmonic, 
7 cm.; aortic, 7 cni.; mitral, 8.8 cm. On section the myocardium of the 
anterior wall of the left ventricle and distal portio'n of the anterior septum 
shows large yellow jiatches sharply outlined against the reinaining dark- 
brown muscle, especially towards the endocardial aspect (Fig. 2, A, B). 
They involve 0.5 to 0.75 cm. of the thickness of the myocardial wall and 
extend, in a vertical dimension, from about 1.5 cm. below the origin of the 
anterior descending coronary artery to the apex; horizontally, the anterior 
half of the septum and the medial 2 to 3 cm. of the anterior wall of the left 
ventricle are involved. The infarct comes closest to the epicardium in the 
anterior portion of the septum, becoming more subendocardial as it is fol- 
lowed laterally in the anterior ventricular wall. Friable grayish-pink 
mural thrombi adhere to the endocardium near the apex. The left ventricle 
is dilated and the ventricular wall measures 0.8 cm. in thickness.^ The right 
ventricular wall measures 0.2 cm. in thickness and shows fatty infiltration. 
The coronary ostia are patent; their lumina are narrowed by many yellow 
plaques. Proximal to an almost total arteriosclerotic occlusion of the left 
anterior descending is a gray-red slightly attached thrombus about 1 cm. 
distal from the origin of the arteiy. The right coronary is moderately 
narrowed. 

Microscopically, there are large areas of deep-staining and granular myo- 
cardial fibers with faded or absent nuclei. In and around these areas are 
numerous neutrophils with an occasional extravasation of erythrocytes. 
Adherent to the endocardium are a few masses of recent thrombi containing 
some fibroblasts and a few capillaries. The infarcted areas appear in various 
sections to involve predominantly the inner half to two-thirds of the wall 
(Fig. 2C). Occasional small foci of necrotic fibers are seen at a distance of 
approximately one low-power field from the epicardial surface. The epi- 
cardial fat contains a loose scattering of monocytes. 

Anterior descending coronary arteiy: The intima is markedly thickened 
by fibrous connective tissue containing many acicular spaces, foam cells 
and areas of calcification. The small lumen is filled by a recent laminated 
thrombus with a few invading fibroblasts. 

_ Mitral valve: The valve is thickened by cellular fibrous connective 
tissue: On one aspect is a small patch of adherent fibrin, on the opposite 
aspect is a subendocardial area of loose fibrous tissue containing mono- 
nuclear cells. 

Addendum. While this article was in press, a case similar to that 
reported above was observed in which a diagnosis of subendocardial infarc- 
tion was made clinically on the basis of the electrocardiogram shown in 
Figure _3. This was confirmed at autopsy. The characteristic changes are 
shown in the chest leads. In the limb leads the possibility of a concordant 
type of left ventricular preponderance or of a transitorj’- coronar^^ insuf- 
ficiency would have to be entertained. However, in Auew of the chest leads, 
the diagnosis of recent subendocardial myocardial infarction was favored. 

jVccropsy. The heart weighed 425 gm., the right auricle and ventricle 
were dilated and the left ventricle was hypertrophied. The endocardium 
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of the left ventncle was shaggj-. In the inner two-thirds of the invocardiuin 
of the left ventricle, there was graj-ish-white streaking and stippling with 
pm-pomt hemorrhages, and the architecture was obscured. These changes 
involved the inten'entricular septum, and the anterior wall and the infenor 
aspect of the posterior wall. As in the first case, the architecture of the 
outer rim of the myocardium was apparently unaltered. Tlie coronaiy 
arteries were moderately sclerotic, the anterior descending branch of the 
left coronarj' arterj* was completely occluded by a recent thrombus about 
4 cm. from its point of origin. 


Electrocardiogram. The first record (Fig. L-J) (taken on July 3. 
1941) shows a regular sinus rhythm at a rate of 90. There is a 
left axis shift. The S-T segment is slightly deprc.ssed in Leads I 
and II, however, it is not below the level of the P-Q segment. Ti 
and Ts are upright, Ts is small and inverted. Lead Cl'h is normal, 
CFj shows a slight depression of the S-T segment. The record was 
interpreted as probably within normal limits. 

The second record (Fig. IB) (taken on July 19, 1941) .shows a 
sinus tachycardia with a rate of 120. There is a decrease in voltage 
both in the limb and chest leads. The QRS in CF; is now entirely 
inverted. The S-T segment is slightly elevated in CF; and no 
longer depressed in CF^. T is smaller in both chest leads. The 
electrical systole (QRST interval) is prolonged, measuring 0.34 see. 
instead of the expected 0.27 ± 0.04 sec. The record was intcrjireted 
as suggestive of an atypical anterior wall infarction and a repeat 
record was reejuested within 48 hours. This interpretation was 
based entirely on the changes in CF», since neither the limb leails 
nor the generally favored apical lead (in oiir case identical with Cl'd 
were suggestive of infarction. 

The third record (Fig. If) was taken 2 days later (July 21, 1941) 
and 1 day before death. The heart rate is slower (100); there i.s 


some further decrease in voltage in the limb leads. S-T is now 
definitely depressed in Lead I and T) is almost isoelectric, T; is small 
and diphasic; T is smaller in CIA and is now inverted in CF^. 'l’lie.<e 
changes confirmed the impression of an atypical recent myocardial 


infarction. 


Comment. It has been shown conclusively that elevation of the 
S-1' segment in cases of pericarditis is due to involvement of the 
uppermost (nearest epieardium) Layers of the myocardium.''^ 
Recent experiment.s" suggest that changes confined to the subendo- 
cardial layers are not reliected in the elcctrocardiogriun in the same 
way as changes in the subepicardial layers, and that elev.-ition of 
the S-T segment .ajipears to be a.s.soeiatefl with involvement of the 
sui)e])icardial myocardium only. In the light of these e.vperimentai 
findings, the fjuestion presents itself whetlier electnwardiogram-: in 
acute myocardial infarction with .absence of .S-T elevation are due 
to a peculiar location of the necro-is which leaves the siiiiejiicardial 
museh' free. [The accumulate<i knowledge about the separate layer- 
of the ventricular musculature, with distinguishable electrocardK>- 
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graphic patterns, blood supply and intramyocardial Purkinje fibers, 
now demands attention in anj'^ consideration of relationships be- 
tween myocardial infarct and the electrocardiogram (see Robb and 
Robb: Am. J. Med. Sci., 197, 7, 18, 1939, and Lowe, F. E.; Am. 
Heart J., 21, 326, 1941), We know that the authors are aware of 
this knowledge, but as the 5 ^ have not considered it in their text, we 
wish to call attention to it here.— Ed. note.] 



Fig. 1. — Five lead electrocardiograms of the patient. Record A, taken on July 3, 
1941; B, on July 19; C, on July 21. 

Gross and microscopic examination of the heart in our case 
showed a very recent infarct of the anterior wall of the left ventricle 
with predominant involvement of the subendocardial layers, the 
subepicardium being practically uninvolved. The infarct was con- 
sidered typical in location and size for such located infarcts except 
for failure to extend to the epicardium. 

According to the criteria of Mallory, White and Salcedo-Salgar® 
the histologic findings of recent necrosis, neutrophilic infiltration 
])redominantly interstitial but occasionally more diffuse, and only 
the rarest evidence of phagocytosis or new capillary or fibroblast 
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formation, together set the estimated ages of the various obscr\-cd 
areas of the infarct between 2 and 5 days. These postmortem find- 
ings, therefore, correspond to the lesion postulated for this %-ariety of 
atypical electrocardiogram. 



I'k;. 2. — A, Section thrmiRli unstained anterior anil of left vcntrirle. Note lailer 
(upper) darker zone wliich indicates uninvolved niyoeitrdiuni and inner lichter rone 
indieatinc infarction. Note d.ark fracment of mtirnl thronilais adlierent to the 
endocardium (ruler in mm.). 13, Section throuch anterior u'al! of left vcntrirle 

(Sudan IV preparation). Note deeply .stained pericardial fat, mid-zone of uninvolved 
myocardium and suhendoeardijd zone of infarction (ruler in mm.). C. Photomicro- 
graph of section throuRh anterior wall of left ventricle. Note layer of epicardinl far 
(faintly shown at very top of photosrnidi). licliter staininc uninvolved myocardium 
and darker stained zone of inf.arct. (Iron-liematoxylin and eo»in, m.'W. 22.) 

Of CDiir.'^c. not cNcry electrocardiogram of tlii.s typo would be 
e.xpoctcd to reflect stieli jieculiiir location of the infarct, since there 
arc several other factors which nnty account for the absence ttf the 
S-4' elevation in the early stage of infarction. Thus, the jieute 
S-T stage may he so transitory as to di.snjijtear before a record is 
taken. In other cases, the S-'I' elevation may be confined to the 
chest leads, with no evidence in the limb leads. One of the cjiuses 
for this last is the coc.vi'tcncc of tendencies influencing the jmsition 
of the S-T segment in ojrjiositc rlircctions such ns f)ccurs c.speciidiy 
in c:ises witli left ventricular preponderance and anterior wail 
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infarction, or in infarction of the mixed anterior and posterior 
wall type. 

Only after these factors have been excluded may a limb plus 
chest lead electrocardiogram without S-T elevation early in acute 
myocardial infarction be considered possibly to reflect infarction 
not extending to the epicardium. 


I n in CFz CF4 



Fia. 3. — Five lead electrocardiogram of patient mentioned in addendum, taken 
24 hours after the clinical attack and 24 hours before death. 


Cases of recent myocardial infarction have been reported® with 
delayed changes in the electrocardiogram. In most of these in- 
stances, if not in all, characteristic T-wave changes developed long 
after the clinical diagnosis was made while the S-T elevation, the 
early electrocardiographic sign of infarction, was missing in the first 
so-called “negative” records. It would appear from the evidence 
in our case with postmortem control, that some of these cases of 
myocardial infarction with delayed electrocardiographic signs may 
also be cases with the same peculiar location of the lesion in the 
myocardium leaving the subepicardial layers uninvolved. 

Summary. 1. A case is reported with recent myocardial infarc- 
tion, proven at autopsj^ in which elevation of the S-T segment was 
absent in the electrocardiogram taken during the acute stage. The 
absence of involvement of the subepicardial myocardium over the 
infarcted area is considered as the possible cause for the atypical 
record. 

2. Cases of recent myocardial infarction with delayed electrocardio- 
graphic signs also may represent such cases of infarction of the sub- 
endocardial layers without involvement of the subepicardial layers 
of the myocardium. 

3. Other causes for absence of this electrocardiographic sign must 
be excluded before this interpretation is entertained. 

Wo are grateful to Dr. D. H. Le^■intllal for permission to report this case. We are 
indebted to Dr. 0. Saphir for checking the anatomic findings and to Dr. L. N. Katz 
for liis suggestions and aid in preparing this article. 
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ANEURYSM OF THE CORONARY ARTERY. 

Bv H. D.4V1S Chipps, M.D., 

DEMO.VSTRaTOR is PaTIIOI.OGY, MC GIEE VSIVERSm-, MOSTREAE, CANADA. 

(From the Department of Pathologj’, McGill University.) 

Aneury.sms of the coronary arteries are rare. This is clearly 
inclieated by the fact that Packard and Wcchsler® in a review of tlie 
literature from 1SI2 to 1929 were able to find only 30 indisputable 
cases including one of tlieir own. Twelve of the aneiirysins were 
classified as arteriosclerotic, 7 as mycotic emliolic, and 1 as pure 
mycotic in origin. Syphilitic aortitis was associated with 3 of tlie 
aneurysms of arteriosclerotic type, but it was believed not to have 
been an important factor in their development. In tlic remaining 
cases, the aneurysms could not be classified as to etiology. 

The writer has been able to find reports of only lo additional 
cases in tlie literature since Packard and Wcehsler’s survey in 1929. 
In 3 of these cases'’® **’ the aneurysm belonged to tiic arteriosclerotic 
group, ^’ogclsang” cited a case in wliicli aneurysm of the coronary 
artcr\’ was associated with gummatous myocarditis. In a remark- 
able case reported by .Snyder and Hunter'- a syjihiUtic ancury.sm of 
the coronary artery was secondary to the burrowing of a sypiiilitie 
ancury.sm of the sinus of Valsalva. Monalian® lias also rcjiorted a 
case and cited one of .SeydePs believed to be of syphilitic origin. 
HarrLs' collected 4 cases from the literature ami added one of his<uvn 
in which aneurvYina! dilatation of the coronary artery was of con- 
genital origin. Other coronary abnnrmaiitie.s that could perh.aps he 
regarded as congenital aneury.sms have liecn more jiroperly c(»nsideref 1 
in tlie literature uuder the heading of congenital a!ioma!ie.s of llie 
coronary arteric.s. Uae” foinul aneurysmal dilatation of both coro- 
nary arteries in a case of rheumatic car<liti.s. The coronary nrtenc.s 
were involved by an exudative, necrotizing inflammatory proce'S 
sugge.sting that the aneiiry.sm.s were also of rhemnatic etiology. 
However, the possiiiiiity tiiat the inflammatory reaction had la’i-n 
superimposed on a congenital le.s5on was pointed out. Abbott and 
('hnse* have reported foim this institution an achiitional ca.-e 'e 
mveotie embolic aneurysm of the coronary artery. He .Vava'-qii*-/.' 
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in a study of embolic myocarditis,. cited one more case in which a 
mycotic embolic aneurysm of a coronary artery had occurred. 

Of the 45 cases of aneurysm of the coronary arteries cited above, 
35 were classifiable according to etiology. Fifteen of these were 
arteriosclerotic; 4 were syphilitic; 5 were of congenital origin; 1 was 
rheumatic; 9 were mycotic embolic, and 1 was pure mycotic. The 
case presented here is an additional example of aneurysm of the 
coronary artery of the mycotic embolic variety. 

Case Report. The patient, a 45-year-old white male, a physician, was 
admitted to the Royal Victoria Hospital, Montreal, on August 8, 1939. 
Twenty years prewously a diagnosis of rheumatic endocarditis' had been 
made. Since that time he had led a cautious life and had not had any 
serious illnesses. Four months before admission to hospital, he had experi- 
enced chills and fever which, together Avith other symptoms and signs, had 
led to a diagnosis of subacute bacterial endocarditis. After admission to 
hospital this diagnosis was confirmed by the additional finding of Strep, 
viridans in blood cultures. Large quantities of sulfanilamide, sulfapyridine 
and heparin Avere administered but there Avas no improvement. After a 
severe constricting pain in the chest, on Sept. 20, he failed rapidly. Never- 
theless, his death on Oct. 2, 1939 Avas unexpected, occurring as he AA’^as 
being propped up on a bed pan. 

Atdopsy (7 hours after death). The heart AA’-as enlarged (660 gm.) due 
largely to hjiDertrophy of the left ventricle. On the mitral A’^alve Avere 
scA'^eral large polypoid A'^egetations AAdiich extended along the chordae tend- 
ineae, some of A\diich AA^ere ruptured. The vah'^e itself Avas relatively thin 
and shoAA^ed little evidence of antecedent endocarditis. The aortic orifice, 
hoAA'eA'^er, AA’-as markedly stenosed, its lumen reduced to a stellate opening not 
more than 1 cm. in greatest diameter. The aortic valve cusps Avere fused, 
thickened, nodular and extensivelj'- calcified. The appearance Avas typical 
of healed rheumatic endocarditis. Along their free edges Avere soft, friable 
vegetations Avhich, though smaller, AA-^ere similar to those on the mitral valve. 
In the anterior ramus descendens of the left eoronary artery, 2 cm. from its 
origin there AA'^as a saccular aneu^smal dilatation measuring 1.9 cm. in 
length and 1.6 cm. in its greatest diameter. The aneurysm caused a promi- 
nent bulge on the external surface of the heart, but had not ruptured. Its 
lumen aa'us partially filled Avith thrombus material. The lumen of the 
arterj-- as it entered the aneutysm Avas patent but at the distal exit it Avas 
occluded bj’- thrombus material. The myocardium of the anterior Avail of 
the left ventricle and of the interventricular septum near the apex shoAved 
evidence of recent infarction, being softened and discolored by yelloAv and 
red mottling. Mural thrombi AA'ere found attached to the endocardial sur- 
face of the right A^entricle near its apex and in the right auricular appendage, 
but not in the left A’^entricle. 

The left pidmonary artery Avas found to be occluded by a large unattached 
embolus composed of thrombus material similar to that found on the AA^alls 
of the right side of the heart. The spleen Avas soft and large, Aveighing 
705 gm.; it contained several large irregular infarcts of recent origin. Several 
smaller recent infarcts Avere found in the kidneys and4here Avere small areas 
of infarction in the mesentery and wall of the ileum. In addition to these 
findings there Avas generalized arteriosclerosis of moderate degree, bilateral 
hj'drothorax and chronic passiA'e hjqjeremia of the lungs, liA'^er and kidne5’-s. 

Histology. The mitral and aortic A-ah’es shoAA'ed fibrous thickening which 
Avas slight in the former but marked ,in the latter. The A^egetations Avere 
imposed of masses of platelets AA'ith some fibrin and numerous colonies of 
Gram-positiA'e cocci. Although the bacteria came close to the surfaces of the 
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vegetations they were almost everjT\-here separated from the surface bv a 
thin layer of thrombus material. There was nothing in either the gross or 
microscopic appearance of the vegetations to suggest that they were dif- 
ferent from those seen in cases of subacute bacterial endocarditis not treated 
with heparin. The coronarj’ aneurj-sm was e.\'amined in serial sections 
(Fig. 1). A small segment of the circumference of the arterial wall next to 
the myocardium was still intact and recognizable, but the segment ncare.sf 
the epicardium had been almost totally destroyed and was represented only 
by attenuated strands of partly necrotic muscle and elastic fksao which 
were stretched out to form a thin, delicate wall around the external aspect 
of the aneuiysraal sac where it bulged into the epicardial fat. The lumen 
of the aneurj'sm was lined bj' a thin layer of thrombus, but it was in open 

communication with the lumen of the' prox‘ ’ *'■ "'-ronnty 

arteiy. The pericardial adipose tissue in the ■ ;.■■■■.' i of the 

aneurx'sm was edematous, infiltrated by neutrophils and contained a few 
proliferating fibroblasts, while the pericardial surface over the bulginc 
aneurj'sm was covered by a thin layer of fibrinous e-xudatc. Special stains 
to demonstrate bacteria revealed many Gram-positive cocci in the aneur- 
ysmal wall, in the thrombus lining it and in the icukocytes around it. Sec- 
tions of myocardium from the soft and discolored area of infarction showed 
necrosis of the heart muscle which was infiltrated in patchy fashion hy 
considerable numbers of neutrophils. At the margins of the necrotic arc.as, 
beginning fibroblastic proliferation was apparent. Histologic .sections of 
other organs and tissues confirmed the gross pathologic diagnoses. 

Case Summary. A Strep, tiridans infection of the mitral and aortic 
valve cusps, previously injured by rheumatic endocarditis, was the 
source of infected emboli which liad caused multiple infarction of the 
spleen, kidneys, mesentery and ileum. One such embolus, lodging in 
tlie anterior descending ramus of the left coronary artery, had caused 
the development of a mycotic aneurysm at this site, while occlusion 
of tlic artery had led to infarction of the myocardium at the apes of 
the left ventricle. iNIural thromlu in the right .side of the heart 
formed the probable source of emboli which had occluded the left 
pulmonary artery. Pulmonary embolism was regarded as the imme- 
diate cause of death. 

Comment, All of the 9 instances of ni.\’cotic embolic aneiiry.sm of 
the coronary artery cited above, as well as the one reported here, 
Iiave been a.ssociatcd with cither vegetative or ulcerative hneferm! 
endocarditis. In 9 of the 10 cases in wliich the information 
available, the aortic and mitral valves were involved as follows; 
aortic valve alone in 4 case.s; aortic and mitral valve.s in 1 easc-s; 
mitral valve alone in 1 case. Among S ca.«es in which .«e.x w.as 
given, o were inaic.^ and 3 were femak'S. The age's ranged from 
22 to 4o years with an average of .‘ll. In one of the ca.^e.s’tliere were 
multiple ancurysm«, fuie of the left atiel two of the riglit eorouarv 
artery. In 8 of the remaining eases there wa.s a single aneurysm, 
involving the left coronary artery in b eases and the right eoronnry 
jirtery in '■>. In only 2 instanees was the position of jin aneurysm 
the left coronary artery .specified; in 1 case the aneurysm was of the 
anterior nunus <le.s(t' miens and in’fhe other of the eircuinflex bratn h. 
The sizes of the nncitry.^ms ranged from mm. in diameter to the 
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“size of a walnut.” Among 8 cases in which the cause of death was 
indicated, it was attributed to coronary occlusion and myocardial 
infarction with its sequelae in 3 cases, including the one reported 
here. In 2 cases sudden death -was due to rupture of the aneurysm 
into the pericardial sac. In 2 cases death was attributed to “mitral 
heart failure,” and in 1 case to uremia. 



Fro. 1. — Photomicrograph (low magnification) of a transverse section of the 
anterior descending branch of the left coronary artery at the level of the aneurysmal 
dilatation. C, original lumen of the coronary artery wth intact arterial wall at the 
left; A, lumen of aneurysmal sac; T, laminated thrombus lining the extremely thin- 
walled aneurysm. 

The formation of mycotic embolic aneurysm of the coronary 
artery depends upon the lodgment of an infected embolus in the 
lumen of the artery. That such aneurysms are rare is due in part 
to the rarity of gross coronary embolism and in part to the fact 
that such large emboli may cause death from coronary occlusion 
l)cfore sufficient time has elapsed for the decelopment of mj'cotic 
aneurysm. Although microscopic embolism of the small coronary 
branclies is common in Inacterial endocarditis, the bacteria contained 
in these minute emboli are rapidly phagocytized as de Navasquez 
has shown.^ 

The rarity of gro.ss coronary embolism, lias been r^ariousb’ attrib- 
uted'’-® to the difference between the caliber of the aorta and that 
of the coronary orifices, to tlie situation of the coronary orifices in 
the sinuses of A'alsalva, to the riglit angle of emergence of the coro- 
nary arteries, to the bulk ^and swiftness of the blood current in the 
root of the aorta and to the fact that the major part of coronary 
filling occurs during diastole. However, since it has been shown® 
that minute emboli frequently enter the coronary arteries, it is clear 
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that the size of emboli large enough to occlude tlie main coronary 
branches must be the factor determining the rarity of gross coronary 
embolism.^ Emboli of sufficient size are probably not nearly as 
numerous in bacterial endocarditis as are minute emboli. If a great 
many emboli of microscopic proportions are released into the l)Iood 
stream and thoroughly mixed, then it is obvious that the number of 
these emboli entering the coronary arteries will be in pro{)ortion to 
the coronary blood flow. On the other hand, larger emboli of exactly 
the correct size to occlude one of tire coronary arteries or it.s main 
branches will much less frequently be released from the endocardial 
vegetations. 

When an embolus of exactly the right size is released it will, by 
reason of its size, have greater difficulty in entering the coronary 
arteries, for its dimensions must be nearly as great as the diameter 
of the coronary orifices. The difficulty of its entrance into the 
coronary orifices maj’ be illustrated by analogy with a device used 
by small boys in gambling with marbles. This device consi.sts of a 
cigar box with a round hole cut in its lid, large enough to admit a 
marble freely, providing that the marble is dropped straight through 
the hole. However, unless the aim is accurate, the marble strikes 
the edge of the hole, bounces away and does not enter the box. In 
the same way, an embolus only a little smaller than the coronary 
orifices probably docs not enter unless it is carried directly into the 
orifice without being deflected l)y impact with its margins. 

Summary. A case of mycotic embolic aneurysm of the anterior 
descending i)ranch of the left coronary artery is pre.scnted. A 
review of the literature reveals 45 cases of coronary aneurysm and 
n of aneurysm of mycotic embolic origin. In this instance, the source 
of embolism was a vegetative endocarditis of mitral and aortic valves 
due to the Sirep. ririflau-'i. Impaction of the infected cmi)oIu.s in 
the coronary lumen cau.sed not only the flcvcloj)ment of aneurysm 
but also coronary occlusion with infarction of the myocardium. 
The reasons for the rarity of mycotic embolic ancury.^ms of the 
coronary arteries are briefly discu.sscd. 
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A NOTE ON THE DEVELOPMENT OF CUTANEOUS ARTERIAL 
“SPIDERS” AND PALMAR ERYTHEMA IN PERSONS WITH 
LIVER DISEASE AND THEIR DEVELOPMENT FOLLOWING 
THE ADMINISTRATION OF. ESTROGENS. 

By William Bennett Bean, M.D., 

AS5SISTANT pnOFESSOR OF MEDICINE, IJNIVEHSI'n' OF CINCINNATI SCHOOL OF AIEDICINB; 

ASSISTANT VISITING Pm'SIClAN, CINCINNATI GENERAL HOSPITAL, 
CINCINNATI, OHIO. 

(From the Medical Department of the University of Cincinnati and the Cincinnati 

General Hospital.) 

In the course of a clinical study of the acquired cutaneous arterial 
“spider” found in subjects with liver disease, pregnancy and nutri- 
tional deficiency disorders, during the past several years observa- 
tions have been made on 359 persons with these curious stigmata. 
Some 250 have been followed for periods varying from several days 
to 5 years. Certain other vascular phenomena have been noted 
under similar circumstances, particularly the palmar erythema, vas- 
cularization of the skin of the nose, engorgement of the nasal 
mucosa, vascular dilatations in the conjunctiva and the, mucous 
membrane of the mouth. The data accumulated are now being 
prepared for publication. 

On the basis of these observations, and from a stud}' of various 
reports which have come to my attention, the idea occurred that 
these vascular alterations might be related to an abnormality in the 
metabolism of certain 17-ketosteroid hormones, particularly the 
estrogenic substances. It is generally agreed that estrogens are 
inactivated, changed or destroyed in the liver as has been shown in 
heart-lung-liver preparations by Israel, Meranze and Johnson.* 
Furthermore, alterations in 17-ketosteroid metabolism have been 
reported in persons with cirrhosis of the liver by Edniondson, Glass 
and Soil,” Avho found abnormal estrogen and androgen excretion in 
several instances of gynecomastia. The well-known increase in 
excretion of estrogenic substances in pregnancy coincides with the 
period during which vascular spiders and palmar erythema tend to 
appear.^ The acute action of estrogens upon the minute vessels 
in the ear of ovariectoraized rabbits has been reported by Reynolds 
and FosteF to cause dilatation. It is not unlikely that a protracted 
action might afl'ect blood-vessels throughout the body as well as 
those of the female genital tract which have been investigated ex- 
tensively. In this connection the studies of Bartelmez and Markee 
on the spiral arteries in the endometrium at least suggests a morpho- 
logic similarity to the cutaneous arterial spider which we have found 
to be a small coiled end-artery in the subcutaneous tissue.^* A study 
of a serially cut vascular “spider” indicates close similarity to the 
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endometrial end-artery pictured in a reconstruction by Jones and 
BreM-er.®_ An additional suggestion presented itself when we found 
that during the menstrual cycle, there were \-isible changes in the 
arterial spider in the skin of certain normal women M’ho had acquired 
them during pregnancy. 

_ As collateral evidence of an important ketosteroid action in rela- 
tion to function of the cutaneous circulation should be mentioned 
the M'ork of Edwards, Hamilton, Duntley and Hubert' who found the 
skin of castrate and eunuchoid men to be very pale and to contain 
little hemoglobin and most of that in the reduced state. When the 
endocrine disorder was ameliorated or corrected by androgenic 
therapy there was a spectacular increase in the vascularity of the 
skin with a preponderant rise in the o.xyhemoglobin. The skin of 
the hands and feet became distinctlj' red. 

It was therefore decided to administer estrogenic materials to 
certain persons with presumptive or diagnostic evidence of liver 
disease. Diethylstilbestrol and alpha-estradiol-rlipropionate* were 
used. As controls, elderly white males with coronary artery disca.se 
were treated similarly, but shoM'ed no changes in the skin. 

Three white males who had been addicted to alcohol for many 
years were treated. 

Tlie first, a 49-year-old man had been observed to have chnractcri.«tic 
palmar crj’thema during the course of a left upper and lower lobe pneu- 
monia (Type I pneumococcus) which in turn liad complicated delirium 
tremens. Pollowing sulfapyrazine therapy recover}' occurred and tl)c color 
of the palms returned to normal. For 2 weeks after discharge he was given 
2 mg. of diethylstilbestrol by mouth ever}' day and e.xamincd at intervals. 
No change occurred in the palms, the onl}' sj'mptoms were slight pain in 
the te.stieles a: ! •.* “ e nasal mucosa. 

The second ■ ;■ ■ man, had been admitted to the hospif.nl 

for a right upper lobe pneumonia (Type II pneumococcu.s) which occurred 
after a bout of dninkenness. He was found to have several tyi)ic.nl vascular 
".spiders.” He responded to sulfathiazole therapy and when afebrile wa.'-' 
started on 2 mg. of diethylstilbestrol by mouth which was continued for 
17 d.nys. On the fifth day of this treatment he was given an intraniusciil.nr 
injection of 0.4 mg. of alph.n-estradiol dipropionate and this w.ns rejKJ.nfed 
daily from the eighth through the seventeenth da\'. On the tenfh d.ny after 
institution of diethylstilbestrol therapy it was noted that the size of his 
vascular "spiders” had incrca.sed, and that they were redder than before. 
Two days later several new spots appeared and 3 davfi after thb definite 
radicle.^ could be seen branching from the central red punctuin. After 
treatment liad continued for 17 days he wont home. Mheri .'■cen 9 dav- 
later all of the "spiders” had faded, and 2 of the newly ac(iuircd oiie.s had 
disappeared. _ . . 

The third .sul>jcct, a 44-ycar-old man h.ad cirrho-i.s. with j.yindice, a^-citrs 
a rc<i nose with prominent vessels and several characteristic nrtena! ' sia- 
ders,” one of which pulsateil palpably. Si.v weeks after admission, when 
the jaundice and ascites had clkappcarcrl, he w.as given 0,2_^nig. of alpha- 
estradiol dipropionate intramuscularly on alternafc day for .7 do-'.-s. Am r 
the thin! injection his nose became much redder and the vessels more proiin- 

• The l.iltiT was l,y the fit,.-* Vni^!urt‘, Inf. 
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nent. He was then discharged and given 2 mg. of diethylstilbestrol daily. 
At the end of 2 weeks it was found that he had acquired 2 new cutaneous 
"spiders” and those previously noted had increased in size and prominence. 
By the end of the fourth week his nose was livid and the vessels were very 
]wominent. In both palms the characteristic findings of palmar erythema, 
most noticeable in the ulnar pad, had appeared. This finding had not been 
present before. In the proximal part of the right ulnar pad a typical vascu- 
lar spider had developed though they are very rare in the palm. The medi- 
cation was discontinued and 2 Aveeks later the palms Avere almost normal 
in color except for a faint red punctum Avhich marked the site of the vascular 
“spider.” Several of the other spiders had faded and the nose Avas more 
nearly normal in appearance. No studies Avere done on the urinary keto- 
steroid excretion. There Avas no clinical suggestion that the liver functions 
Avere declining during the period in Avhich the vascular phenomena appeared. 

Discussion. The events folloAving estrogen administration to the 
second and third subjects suggest that tlie occurrence of vascular 
“spiders,” and palmar erj^thema may be related to the state charac- 
terized by an imbalance or upset in metabolism of the 17-ketoster- 
oids. Whether this be a result of estrogenic substances acting 
directly upon skin vessels, or is a result of a hormonal imbalance in 
AAdiich androgens appear in large amounts to counteract the admin- 
istered estrogens, or Aidiether the pituitarj^ is involved remains 
purely speculative. It is not certain that concurrent liver function 
failure did not occur, or that the compounds given did not interfere 
Avith some liver function. These possibilities remain to be investi- 
gated. No doubt other interpretations Avill occur to those Avell- 
versed in the perplexing literature on endocrine metabolism. These 
preliminar}^ studies, along Avith much unpublished material on aber- 
rant endocrine and sejaial manifestations in chronic liver disease 
suggest that a careful study of hormonal equilibrium in liA’^er disease 
should be made. 

The data reported in this note are brought forAA^ard in this present 
incomplete state because an opportunity to continue these observa- 
tions in the near future noAv seems remote. 

Conclusion. The deA^elopment of cutaneous arterial “spiders” in 
2 of 3 chronic alcohol addicts and palmar erythema in 1, folloAving 
therapy Avith potent estrogens suggests that these stigmata of liver 
disease, pregnancy and deficiency diseases may result from abnor- 
mal metabolism of the 17-ketosteroid hormones. 
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When* an aqueous solution of amphetamine sulphate is introduced 
parenterally, its effects wear off within a few hours. On the other 
hand, the elimination of the amine outlasts its physiologic effect hy 
many hours (Richter* and Beyer and Skinner'). In the present 
study, an attempt was made to prolong the eflects of tlie drug hy 
delaying its absorption. Tiie vehicle used for this purpose was 
gelatin, wliich was selected for the folloAving reasons: 1, its liquefied 
state is readily maintained; 2, it does not irritate the tissues; 3, it 
produces no antigen reactions as do other proteins (Wells,* Hooker 
and Boyd,- and Kahn and MeXeiP); 4, amphetamine sulphate is a 
stable, water-soluble substance which is freely miscible in gelatin. 

Gelatin has been previously used to prolong the effects of other 
water-soluble dnigs such as insulin and epinephrine. 

Successful results with a gelatin-epinephrine mixture have heen 
rejiorted hy Spain, Strauss and Fuchs,® who used it in the treafment 
of allergic conditions, such as chronic bronchial astlima. 71ic.'C 
authors reported a sharp reduction in the number of dosc-s of epine- 
phrine required daily wlien this preparation was substituted for the 
,'iqueous solution. 

Procedure. 4'he effects of amphetamine .sulphate in aquemis and 
gelatin were compared: I On the circulatory system of man; H On 
the gastro-intostinal tract; 1, by Roentgen-ray studies in man; 
2, liy their elfcet.s on the absorption of ethyl alcohol in man, (the 
subjects of these studie.s were pa.-isive sefiizoiilirenies, with the 
excejition of one chronic alcoholic with the residuals of Kor.'akoff > 
psychosis); 3, hy direct observation of the gastro-intestiiial tract m 
guinea pigs. 

• }>y cmiits from tfic Oimmunm-allli of jli-' r 

roumlatioD. ami Work" I’rosrcs" .\iiniini"tratio!i Friiii'<-t .Vri. CCi-O. 
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I. Ejjfeet on the Blood Pressure and Pulse Rate in Man. The sub- 
jects received intramuscular or subcutaneous injections of the 
amphetamine-gelatin solution in doses varying from 20 to 50 mg. 
The blood pressure and pulse rate were followed for several hours, 
in some instances as long as 120 hours. The following week the 
subjects received the same dose of the drug in the aqueous solution. 
It was found that the effects of the injections of the amphetamine- 
gelatin mixture did not differ significantly from those of the aqueous 
solution, that is, the onset and the duration .of the rise in blood 
pressure were practically equal following the administration of both 
preparations, except in a few instances in which the rise in blood 
pressure occurred somewhat later following the administration of 



the amphetamine-gelatin mixture than following the aqueous solu- 
tion of the drug. Equivalent decreases in the pulse rate also 
occurred. 

II. Effects on the Gastro-hitestinal Tract. The majority of authors 
agree that amphetamine sulphate in aqueous solution produces the 
following effects: the tonus of the stomach and intestines are de- 
creased. This is in association with a marked dilatation and a 
decrease or abolition of the peristaltic movements of the stomach 
and colon. These changes appear to be less marked in the small 
intestines. 

Recent investigations (Rinkel and Myerson®) have demonstrated 
another effect of amphetamine sulphate on the gastro-intestinal 
tract; namely, a marked delay in the absorption of ethjd alcohol. 
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This delay is in part due to prolonged emptying time of the stomach, 
and in part due to alteration of the absorptive mechanism of the 
small intestine which was demonstrated following direct introduction 
of ethyl alcohol into the duodenum. 

1. Roentgen Ray RfmJics in Man. The subjects of these studies 
had no demonstrable disease of the gastro-intestinal tract. Tliey 
were given an opaque meal (consisting of 4 ounces of barium sul- 
phate, thoroughly stirred in 6 ounces of water), routinely used in 
Roentgen studies of the gastro-intestinal tract. A fasting' period of 
14 hours, during which no food or liquids were ingested, preceded 
the Roentgen ray e.vamination. Films of the stomach with the 
patient lying prone, were taken at intervals of 1 , 2, 3, G and 48 hours. 
In one patient, the e.\'amination was extended so that additional 
films were taken at 96 and 120 hours. In two instances, Roentgen 
rays of the colon were taken following a barium enema, 4 hours 
after the admini.stration of amphetamine sulphate. 

a. Effect on the Emptying Time of the Stomach. Both preparations 
delayed the emptying time of the stomach. The gelatinous mixture, 
however, produced a greater delay in this function than ditl the 
aqueous solution, the comparative emptying times being 3 to 6 hours 
and 2 to 3 hours respectively. 

b. Effect on the Tone of the Colon. Both the aqueous and the 
gelatinous preparations of amphetamine sulphate produced atonicity 
of the colon which was characterized by shallow contractions and a 
decrease in number or practically complete absence of haustratinn.s. 
In 2 cases, however, a marked contrast in the cfl’ccts of the two 
preparations was apparent. In the first case, following the arlminis- 
tration of the amphetamine-gelatin mixture, marked atonicity of the 
colon developed which was prc.sent even after 120 hour.s had elapsed. 
Following the administration of the aqueous solution in this subject, 
only sliglit atonicity, which ia.stcd for 72 hours, was apparent. In 
the second case, in which a spastic colon did not re.spond to the 
admini.stration of an aqueous solution of amphetamine, relaxation 
and atonicity were produccfi by administration of the gelatinous 
solution. These changes lasted for at least 48 hours. 

2. A hsorption of Ethyl . 1 Irohol. I n these experiments, the iuiiicmis 
and gelatinous preparations of the drug were administered to 
subjects who were then given by mouth 1 gm. of ethyl nlc<>hol per 
kilo body weight. 'I'he blood alcohol level was tietermined at 
intervals up to 2.59 minutes after the ingestion of the alcohol, Ilm 
diagram illustrates the curve i)f alcohol absorption in a subject at 
the 72-liour int<>rva!. 'I'lic chart demonstrates: J. normal alcohol 
absorption as a control; 2, the great inhibition of ah-ohol uptake 
72 hours after the intramuscular injection of 39 mg. of ainphctatnita- 
gelatin mixture; 3., the return to normal of the alcohol uptake /_ 
iiours following the inf ramtiscular injection of aqueous amphetamine 
.sulphate. 
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3. Direct Observation of the Gastro-intestinal Tract in Animals. 
Twenty-eight guinea pigs were used in these eiqieriments. Direct 
exposure of the gastro-intestinal tract was carried out under local 
anesthesia. These animals are verj’’ responsive to amphetamine 
sulphate and yet tolerate the drug in doses as high as 10 mg. per 
kilo body weight. If the dosage is further increased, the animals die 
after developing convulsions. The animals were divided into 
4 groups ; 

1. Control (6 animals), 

2. Receiving intramuscular injections of amphetamine sulphate in 
aqueous solution (4 animals). 

3. Receiving intramuscular injections of the amphetamine-gelatin 
mixture (14 animals). Of this group, 3 animals were examined in 
24 hours; 6 in 48 hours; 4 in 72 hours, and 1 in 120 hours. 

3. Given epinephrine in gelatin (4 animals). One is impressed, 
on exposing the abdominal cavity of the animals that received the 
amphetamine-gelatin mixture, by the “calmness” of the gastro- 
intestinal tract. Onlj'^ occasionally is a peristaltic wave of the small 
intestine observed. The stomach and colon are markedly distended, 
relaxed and practically without tone. The small intestine shares 
these latter changes, but to a lesser degree. The color of the whole 
tract is grayish-white as though the blood were greatly diminished 
in quantity. In most cases, the gall-bladder is also greatly dis- 
tended. The duration of these effects is at least 72 hours following 
a single injection of amphetamine-gelatin mixture, and it is only 
after an interval of 120 hours that the gastro-intestinal tract is 
restored to its normal state. Although similar changes were noted 
in the animals who received the aqueous preparation of amphetamine 
sulphate, they lasted for only 1 to 2 hours. In the control group, 
none of the above changes were noted. In the animals that received 
epinephrine in gelatin, none of the changes observed following the 
administration of amphetamine were noted 24 hours after adminis- 
tration of the drug. , 

Summary. The following comparative effects of amphetamine- 
gelatin mixture and aqueous amphetamine solution were observed: 

1. Circulatory System: The increase in blood pressure and the 
corresponding decrease in pulse rate produced by amphetamine 
was not delayed or prolonged when the drug was dissolved in 
gelatin. 

2. Gastro-intestinal System : There was a definite prolongation of 
the characteristic effects of amphetamine sulphate (decrease in tone 
and peristalsis) when the drug was mixed with gelatin. This action 
was observed in man following Roentgen ray studies, and in animals 
by direct observation of the gastro-intestinal tract. 

3. The delay in absorption of alcohol whidi follows the adminis- 
tration of amphetamine sulphate is definitely more marked when the 
drug is mixed with gelatin. 
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THE TREATMENT OF UNDERWEIGHT WITH INSULIN. 
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Bclo Horizonte, Brazil.) 

Sixce PitficIcI'® observed a gain in the weight of children hy the 
use of insulin, and the report of Falta' confirming in adults Pitficki’s 
experiments, many clinical and experimental papers have appeared 
in the literature dealing with the use of insulin in non-diahetic mal- 
nourished patients and the mechanism hy which this hormone 
acts.*"®'"-®-’*''* 

Though there are many contradictory opinions regarding the 
mechanism of action of insulin in bringing about a gain in weight, 
it seems that the more accepted explanation is that insulin, by vagal 
action,'^”'’ produces hypermotility of stomach and hunger sensation, 
this action being enhanced In' the hypoglycemia wliich re.=ults.^ 
Be.sidcs, as ohseri'cd hi' Okada r/ «/.*' and hy Lueders and Wat.=mi,’ 
in.siilin in .sufficient amounts brings about an increase in the amnuiit 
of gastric and biliary .secretion, and consequently a better digestion 
and assimilation of the food. 

r/o/r of Tmitmcnt. Our plan of treatment, based on pliysiologic 
and c.vpcrimcntal grounds, is original so far as we know. Insulin is 
injected only once a day in order to avoid a compensatory inhibition 
of the internal secretion of the pancreas for lack of natural stiin\iiu< 
hy way of alimentation. Insulin, if injcctcfl before every meal, 
would take care of the postimimliai hyperglycemia, leaving tlw 
{lancreas without action. -\s Clark, Gih.^on and J’aul' oh-erviYi, 
there is lowered tolerance for ghico.^c in individuals taking iiisuhn. 
evidently because of lack of stimiihi.s to the endocrine funetjon 
of the pancreas. 
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The dosage of insulin we employ is progressive, beginning with 
8 units and increasing according to the patient’s appetite on the 
previous day, but we never have exceeded 30 units, except in 
Case 12 by his own mistake. 

The time of injection is about 45 minutes before the noon meal. 
In Brazil, where this experiment was conducted, we take 2 large 
meals a day— one about midday and the other about 6 p.m. We 
advise the patients to eat when they begin to feel hungry, because 
the hunger reaction of insulin does not appear exactly within 
45 minutes, but is subject to variation in different patients. 

When the desired effect is attained with a sufficierit gain in weight, 
we begin to discontinue the administration of insulin, not abruptly 
but gradually, injecting the hormone in the inverse dosage of the 
beginning of treatment, that is to say, if we began by injecting 8, 
then 10, 14, 20 units, we discontinue by giving 20, then 14, 10, 
8 units, then it is completely discontinued. In this way the stimulus 
to the pancreas is gradually restored, so that if this gland has been 
spared during the treatment it regains its function progressively. 
The administration of insulin* onlj'^ once a day and its gradual dis- 
continuance protects the endocrine function of the pancreas. We 
have had no case of glycosuria in our patients after finishing the 
treatment. 

We think it is dangerous to inject insulin more than once a day 
because of the possibility of inhibition of the islets of Langerhans. 
In cases with diabetic history in the family it is advisable to subject 
the patients to a glucose tolerance test to assure the possibility of 
instituting treatment without inconvenient results. 

Results. All cases gained weight, this gain varying from 1 to 
27 pounds (average 8.7) (Table 1). 

The appetite increased considerably, as well as the palatability 
of the food. The unanimous statement of the patients was that 
they ate considerably more than formerly; to quote their expression, 
“as never before in their life.” 

Most of them observed also that the treatment had a euphoric 
effect. It should be pointed out, however, that the esthetic satis- 
faction of. gaining in weight may have some influence in this feeling. 

All our 30 cases were healthy persons with no other complaint 
except underweight and lack of appetite. Their underweight was 
of long standing. Their age varied from 17 to 50 years; 22 were 
male and 8 female. 

Is the Action of Jnsniin a Psychic Onef During the prosecution of 
this study we had opportunity to investigate tl)e opinion of Freyberg" 
that the effect of the pancreatic hormone is exercised through 
psychic action. 

We changed the contents of insulin vials to which the patients 
were familiarized for sterilized physiologic solution, and acted in the 
* The insulin employed in all our cases was cither Lilly or Schering. 
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same v:ay as though it vrere insulin— perforated the rubber cap, 
simulated to ascertain the number of units and injected this placebo! 
All patients subjected to this experiment complained, on the follow- 
ing day, of lack of appetite after the injection. When we returned 
to real insulin their appetite again improved. We made this 
observation in the middle of the treatment when the patients had 
already e.xperienced an improvement in appetite. The placci)o 
was therefore tried during 4 or 5 days in the middle of the treatment 
without the patient’s noticing that we had changed the content.^; 
of the insulin vials. We are certain that the effect was not due to 
suggestion, for when we gave insulin again the patient himself in- 
formed us that something had gone wrong in the previous days in 
which he was getting a placebo without knowing it. 



Tabi.e 1.- 
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Ca-ie?. 
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Sex. 

Ako 

(yra.). 

Weight 

before 

treatment 

(pounds). 

Units 

(nv,). 

Days of 
treat- 
ment. 

Wciglit 

after 

treat- 

ment. 

Gtun in 
w right. 

1 

F. J. B. 

At 

SO 

101 

17 

20 

I on 

.7 

2 

O. B. J. 

M 

34 

133 

20 

15 

1.30 

r> 

3 

L. C. 

F 

17 

ns 

15 

20 

122 

i 

4 

A. G, 0. 

M 

31 

121 

21 

15 

12S 

7 

5 

J. B. 

M 

.32 

97 

13 

12 

90 

o 

0 

A. 0. L. 

M 

29 

134 

23 

00 

15-1 

20 

7 

J. B. G. 

M 

29 

110 

20 

40 

121 

U 

S 

G. M. 

M 

34 

124 

24 

40 

133 

{) 

9 

L. B. G. 

M 

32 

121 

20 

42 

1.34 

Vi 

30 

L. M. F. 

F 

24 

93 

15 

20 

94 

1 

n 

C. M. U. 

F 

20 

95 

10 

30 

102 

i 

12 

M. P. B. 

M 

32 

94 

34 

45 

121 

27 

13 

A. G. F. 

M 

35 

m 

20 

34 

149 

15 

14 

E. C. 

F 

30 

95 

15 

30 

102 

( 

15 

R. N. 

M 

30 

105 

20 

45 

117 

V2 

10 

J. D. A. 

M 

3S 

97 

15 

15 

100 


17 

.7. L. C. 

M 

24 

124 

20 

30 

131 

4 

IS 

G. V. 

M 

27 

120 

20 

30 

132 

12 

1!) 

F. F. 

M 

37 

101 

20 

30 

101 


20 

J. M. 

At 

25 

9.S 

20 

.30 

J0(; 


21 

M. .S. 

F 

25 

S9 

19 

.30 

!IS 

*} 

22 

M. R. 

At 

3S 

12(1 

IS 

30 

132 


2.3 

A. J. F, 

M 

23 

100 

20 

30 

ns 

12 

24 

J. C. V. 

Al 

22 

12S 

20 

.35 

112 

M 

J 

2.7 

A. J. G. 

At 

24 

119 

20 

15 

12.3 

20 

V. P. 

At 

29 

130 

20 

.30 

I.3S 


27 

.1. A. h. 

AI 

33 

103 

20 

34 

1 12 


2.S 

L. F. 

F 

.30 

91 

20 

.31 

m 

J 

2!) 

h. R. 

F 

34 

90 

10 

27 

101 

5 

10 

30 

R. V. 

F 

20 

90 

20 

30 

100 

Avfracc 




. 109 S 

19 3 

30 

ns 



Summary. 1. We have briefly reviewed the literature dcaliiic 
with the use of insulin in the treatment of umlcrweiglit. 

2. new plan of treatment is outlined in which tlic i)attcnt 
receives insulin only once a day in progre.-sive <lo-e-- and fini-nc-- 
by receiving the hormone in the inverse rlo-age of the In-ztnnin:: 
of his treatment. 
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3. The possibility of inhibition of the internal secretion of the 
pancreas when insulin is given several times a day is discussed. 

4. The opinion that the effect of insulin in underweight is psychie 
is also discussed and refuted. 

5. All the 30 cases submitted to treatment gained weight, from 
1 to 27 pounds (average 8.7). ^ 
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THE INHERITANCE OF DIABETES INSIPIDUS.* 

By Harry Blotner, M.D., 

associate in medicine, peter bent BRIGHAM HOSPITAL, BOSTON, MASS. 

(From the Medical Clinic of the Peter Bent Brigham Hospital.) 

There are a number of causes of diabetes insipidus such as brain 
tumor, trauma, Christian’s syndrome (multiple xanthomatosis), 
syphilis, encephalitis, other infections and idiopathy. However, 
heredity is not regarded ordinarily as a cause of diabetes insipidus. 
Nevertheless, in reviewing the literature, there are reports which 
show that diabetes insipidus may be inherited and transmitted 
through many generations of a family. Probably, the reason inheri- 
tance has not been given much attention here is that nearly all the 
references on this subject are in the foreign literature. 

I have observed for 5 years a boy with diabetes insipidus whose 
mother and grandmother had the disease. It appeared of value to 
])resent their cases and to give a review of the literature. 

One of themost interestingand illuminating reports on the inherited 
tendencies or the familial characteristics of diabetes insipidus is 
that given by WeiP- and his son.^^ In 1884, when Adolph WeiP^ 

* The term "diabetes insipidus” means a marked poljmria and polydipsia which 
usually ranges from at least 6 to 10 liters a day and is relieved by pituitrin. The 
polyuria and polydipsia are even present during the night when the'patient is in bed. 
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B-as professor in Heidelberg, he studied four generations of a famiii- 
of 91 members headed by a man with diabetes insipidus and found 
that 24 of these had the disease. Later in 190S, his son Alfred 
Weil” continued his father’s studies and found that in five genera- 
tions of this family there were 35 cases of diabetes insipidus among 
220 members. Two-thirds of the cases were men and one-third 
were women. A number of these patients lived to very old age. 
For e.\-ample, 2 daughters who had the disease their whole life were 
87 and 92 years old. The inheritance of diabetes insipidus has 
been known as far back as 1841 when Lacombe'*^ reported its occur- 
rence in 5 males and 3 females in two generations of a family. 
Trousseau,^" too, suggested it, and later Lanceraux” commented on 
the familial tendencies of the disease in several patients. 

Certain accounts by authors on the number of persons affected 
with diabetes insipidus in various generations of individual familic.s 
may be briefly presented as follows: Deebrey,'’ 5 cases in two genera- 
tions; Wachsmuth,^' 2 cases in one generation; Reith,'^' 5 ease.s in 
two generations; Gee," 11 cases in four generations; Pain,-' 7 case.s 
in three generations; Orsi,=' 6 cases in two generations; Clay,* 3 cases 
in one generation; Laiiritzcn,*® 9 cases in four generations; Sasse,” 
8 cases in three generations; Marinesco,” 3 eases in two generations; 
ICnopfelmacher,'* 5 cases in four generations; Ehrmann,’ 3 cases in 
one generation; IMaranon and Bonilla,” 2 cases in two goneration.s; 
Lange,'® 4 cases in two generations. 

Other extraordinary observations on this phase of the disease 
have been made by INIcIlraith®' who presented 3 familial cases, 2 of 
which were brothers. The third case was a boy whose 3 brothers, 
mother, maternal grandmother and an aunt were all affected. 
Chase* traced diabetes insipidus through five generations of a family 
which appeared remarkable in that in the fourth generation as 
many as 10 out of 23 children had the malady. Chester and 
Spiegeb studied the family of a woman with polyuria whose father, 
paternal grandmother, maternal grandmother and a maternal aunt 
were similarly afflicted. Curiously, 1 child of the woman's first 
marriage an(l 1 of the second marriage had diabete.s insipidus. 
Giinsslen and Fritz'® saw a patient with an ulcer of the stomach and 
diabetes insipidus who gave the history that he as well as his only 
son had the disease since early youth and that no amount of .scolding 
or beating by the patient's parents eouhl make him stof> drinkiiig 
water. In afklition. they .studie<] the tree of a very large family by 
delving into the records of births, deaths and marriages for seven 
generations which went back to about 1/09. 4 hey fouiul that the 
disease was carried through the last five generations with member.^ 
with tin; «li.«easc in each of these. Levit and iVssikova” fotind 
3 cases of familial origin out of their 16 c;iscs of diabetes insipidus. 

A mo.'t interesting investigation was made more recently by Liler- 
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man® who was consulted in 1937 by a man, aged 23 years, with dia- 
betes insipidus since childhood. The man explained that a brother, 
as well as his father and grandfather, also had this syndrome. 
Further inquiry revealed that this family had been studied by 
Lauritzen^® in 1893 when it was discovered that 9 of 15 members 
had the disease. In 1938, this family had 73 members, of whom 
26 (11 females and 15 males) were found to have pol 3 mria. His 
records indicated that the, majority of these patients had a daily 
diuresis of from 12 to 16 liters while in others it was less severe, 
amounting from 4 to 9 liters.- He believed that the mode of heredi- 
tary diabetes insipidus seemed to be one of simple dominance. 

Bulloch,® JusB® and Hogben^® discussed the inheritance of the dis- 
ease from certain selected references in the literature without 
adding anj^ of their own cases. Bulloch® presented some detailed 
outlines and charts of each familj'^ tree to which he referred. In addi- 
tion, there have been other contributions to this studj^^-®'®^-®® I have 
been unable to confirm some references on the subject or to tell the 
number of persons affected because of the manner in which the 
material was presented. 


Report of a Family, Son. This patient is a 25-year-old, bright, single 
man of Scandinavian descent whom I have observed for approximately 
5 years.' His history aside from his diabetes insipidus is irrelevant. The 
family history is important' because his mother and grandmother also had 
this clinical entity. Details of this will be given in connection with their 
cases. He has never had any brothers or sisters. His father died of heart 
disease at the age of 48 when the patient was 6 months old. The patient 
has had diabetes insipidus since infancy and was a bottle-fed baby. His 
mother noticed that just as soon as he could walk and reach for water, he 
drank all he could get and was alwaj'^s after it. As he grew older, he im- 
l)ibed as much as 3 or 4 gallons of Avater a day. Most of our observations 
have shown that his daily fluid intake and output have been about 10 to 
12 liters. Pituitrin administered intramuscularly or intranasally in suffi- 
cient amounts reduced the pobrnria and polydipsia to nonnal. 

The physical examination shoived a ivell-developed and well-nourished 
yoiuig man with no abnormal findings. His height ivas 6 feet and his 
weight was 193 pounds. 

A number of laboratorj^ examinations have been made. Roentgen rays 
of the skull Avere normal. The Wassermann and Hinton tests Avere negatiA^e. 
The spinal fluid Avas nonnal. The basal metabolism AA’as —7%. The blood 
findings AA'ere as folloAvs; 


Hemoglobin 
RBC .... 

Hematocrit 

Calcium 

Phospliorus 

Chloride 

Cholesterol 

Sugar .... 

NPN .... 

Serum protein 


AA^tliout pituitrin 
90% 

4,740,000 

39% 

61% 

12.6 mg./lOO cc. 
4.3 mg./lOO cc. 
339 mg./lOO cc. 
294 mg./lOO cc. 
S4 mg./lOO cc. 
32 mg./lOO cc. 
7.7 gm./lOO cc. 


AA'ith pituitrin 


41% 

59% 

4 mg./lOO cc. 
357 mg./lOO cc. 
269 mg./lOO cc. 
72 mg./lOO cc. 
34 mg./lOO cc. 
6.5 gm./lOO cc. 
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Mother. The patient’s mother is a ol-year-old widow. She cons\inic(l 
much water since childhood and always took a quart or more to bed witli 
her up to 10 years ago. At 41, about the time of her menopause, her dia- 
betes insipidus improved and now she take.s daily about 5 to 0 liters of 
fluids. Except for the pohoiria and the pob'dijisia she has aiway.* boon 
quite healthy. She had no diflScultj' with the pregnancy or with the birth 
of her son, her only child. She had 1 brother who died of tuberculosis at 
the age of 24. Another brother died in infancy of unknown cause. Slic 
had no sisters. Her father is 75 years old and quite well. 

general physical examination has been normal. Her height is 
65i inches and her weight 135 pounds. 

Grandmother. The grandmother was a woman who drank more tlian 
2 gallons of water a day when she was a girl. She, too, took a quart or 
more of it to bed with her until the age of CO. However, she improved at 
the age of 40, about the time of lier menopause, but she still had iwlyuria 
and polydipsia at 64, when she died of chronic myocarditis and coronary 
disease. She had 4 brothers, 1 of whom died of diabetes mellitus. Her 
height was 63 inches and her weight was 165 pounds. 

. Comments. Study of the records of 70 patients in this clinic with 
diabetes insipidus due to various causes revealed only the case 
presented lierc with a story of familial diabetes insipidirs. although 
the familial incidence of diabetes inellitns was comparatively com- 
mon in these cases and in those presented in the literature. 

Diabetes insipidus is a disease which may lie inheritetl and tran.s- 
mitted througli many generations of a family through the inatenui! 
or paternal side to cither male or female children. When tliis 
disease is inherited, it may be found rather frequently in such a 
family. Inherited diabetes insipidus occurs ordinarily more often 
in males tlian females and sometimes skips a generation only to 
appear in the next. Tiie birth of cliildrcn with the disease to nor- 
mal mothers, 1 of whose parents had diabetes insipidus, suggested 
to some authors that the tran.smis.sion of polyuria at times simulated 
that of liemophilia. 

Inherited dinhetes insipidus may appear shortly after in'rth or later 
in life. For example, Klaften” reported a 24-year-oId woman with 
diahete.s insipithis for 21 years wlio gave birth to an apparently 
normal baby that at the age of 4 weeks already took more fluid' 
than normal. On the other hand, tlie 2 brothers and sister of the 
family presented by Clay‘ all ilevelopctl the disease at tlu' age of 
0 ycar.s. Polyuria is never present at birth.'* Hegimiing nifh the 
age of about 2 ycar.s, the .symptoms of liereditary diabetes iibipidu' 
are likely to aj)pcar. _ . , . 

'I'here is a rather general inipn-s.<ion that familial diabete.'; m-^ipi- 
du.s is due to a dominant gene. 'I’ivis view was based chiefly on the 
large family presented by W eil. Levit and Pessikowe’’ believe tliere 
is tpiestionable validity in tlruwing cttnehision.s from select radwr 
than comprehensive material gatliensl from the literature. U' done 
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by Bulloch, because it creates the impression that practically every 
case of polyuria is a familial one.- They concluded that the develop- 
ment of familial diabetes msipidus is due to a conditionally dominant 
gene showing poor penetrance. However, I believe that once dia- 
betes msipidus has been shown to be inherited by a person, there is 
a good possibility that this individual may pass the disease on to 
some of his offspring. 

Summary. This paper gives a review of the literature on familial 
diabetes insipidus and presents ‘the cases of a boy, his mother and 
maternal grandmother, all of whom had diabetes insipidus. 

Diabetes insipidus is a disease which may be inherited and trans- 
mitted through many generations of a family through the maternal 
or paternal side to either male or female ehildren. 
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INTRAMUSCULAR PRESSURE. 


I. During Postoperative Depression.* 

By Lewis Gunther, M.D-.f 

ASSISTANT CLI-N'ICAI- PliOFESSOn OF MEDICI.VE, COLtEGE OF StEDICAt. EVANGELISTS; 

ADJUNCT FHTSICIAN, CEDAKS OF LEBANON HOSPITAL, 

Hman Engelberg, 

KESIDENT IS MEDICIN'E, 

AND 

Lutimtg Strauss, M.D., 

RESIDENT IN SURGERV, 

LOS ANGELES, CALIF. 

(From the Cedars of Lebanon Hospital.) 

It has ^ been shown-* that variations in intraimiscular pressure 
occur in the period of postoperative depression, and in shock. Our 
observations confirm these changes in intramuscular pressure fol- 
lowing surgical procedures. 

Alterations in intramuscular pressure, or "muscle tonus’’ as 
Yandel! Henderson prefers to term the phenomenon, may play an . 
important role in sliock and allied conditions.® The purpose of this 
study is to determine the nature of the intramuscular pressure 
changes during the natural course of tlie postoperative period in 
patients wlio reco^•e^ M-ithout the appearance of complications after 
surgery. 

Henderson devised an instrument, modified In' Kerr and Scott,® 
with which intramuscular pressure could be directly measured. 
Exjierimental evidence indicates that Henderson’s method for the 
measurement of intramuscular pressure is accurate.® The acciiimi- 
lated data of Henderson and his co-workers show values for the 
muscle at rest in normal imlividiials of from (iO to 90 nun. of water.’ 
TJie pressure, in rela.xcd muscles, remains relatively constant frotn 
day to day.® We have found variations of from 5 to 10 nun. in 
the reading of tlie instrument, and variations on different days on 
the same indivichial within the error of reading the instnunent, and 
occasionally an extreme of 15 nun. daily difference in the norinnl. 

Certain hictors are known to alter intramnscnlar pressure. Anes- 
thesia decreases the pressure. Overventilation, tlie inhalation of 
carbon dioxide gas, the administration of strychnine, and stimu- 
lation of the skin hy moving currents of air, will all increase intra- 


• Rea'i i'l-lnre tho pI.ifT o! itiv Cellars of Ja'Ii.wiii IIo-Dilal, I.o*' Aiw le-., 

M-avCO. U'40. wr. f, 
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muscular pressure in normal individtiak.^ Henderson studied 7 
patients after surgery and noted a fall in intramuscular pressure on 
isolated readings/ Other than his observations, there are no data 
on the entire postoperative period on patients following surgical 
procedures. Such data are presented in this study. Studies on intra- 
muscular pressure, and on venous pressure in postoperative depres- 
sion', shock, atelectasis, and in collapse following hemorrhage will be 
published in another communication. 

Methods. Intramuscular pressure was measured, according to the 
method of Henderson in the biceps muscle.* 

The apparatus can be easily constructed with the tools found in the 
average clinical laborator}' (Chart 1), The method of obtaining readings 


CAPTLLflRY TUBE AN D 
NEEDLE 



Chart I.-Tiie Henderson apparatus for the measurement of intramuscular pressure. 


must be especially emphasized. It will be noted that the fluid in the canil- 
hito the meniscus vjen the needle is first inserted 

t vdl hi tw f increased by turning the thumbscrew, 

it viu be noted that a meniscus appears with the convexity toward the 
muscle. The max mum curvature in the meniscus occurTSen tlfe pressure 
of tlm sjstem is about equal to the intramuscular pressure. A slight incre- 
neut of pressure within the system then starts movement of the fluid into 

muscle is easily accessible and does not have a tight fascial coverine 
tells ff al. showed that intramuscular pressure was affected bv the tightness nf 

hMseIsPssMsIs 
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the muscle. . At this point the reading is taken. The first re.acling is dis- 
carded and the average of the next three is recorded as the intramu.=cular 
pressure. B 3 ' this technique, the maximum variations were vithin 5 to 
10 mm. of water on subsequent rcadinp. In this stud}', the pressure read- 
ings were made by the same team of two workers. One inanipulated the pro.- 
sure on the bulb^ and the other obtained the critical point of movement of 
fluid in the capillar}' tube. 

Measurements (320) of intramuscular pressure were made on 00 nonnals. 
Tlie value.? varied between 60 to 90 mm. of water and corro.s])onrled with 
the published values of Henderson^ and of Wells cl nl.^ 



2, — Tlie pficct on intrnmii.'cul.ar pressure of snrRprj- viiiiipr rtlwr nnc^tlirsia 
in tlic uncomplir.atcd nncvcnlfiil pn.‘<topcr.ativo cmirsc. The Iirokpn iinca indifatp 
tlip limitii of v.-irintions in intr.nmu.«onlar pre5:?urp. The lipn\'>' line shows tlip nvprncp 
vnincs. Tlio lowest level of intramnspulnr pre‘^snre wns noted tfiirine tlie first 
0-hour postoiierativc ireriod. A return to the jjreopcrntive ievpl was olitainerl hy 
the fourth day after operation. 


The Kffrrl of Surgrrii Uvdrr Ellwr Anr.sthrxin. The elTeet t>f 
surgery under ether niwsthcAn wa.s .studieti in o-l ftbservations on 
12 patieiit.s. Mo.st of these were on the gyneeologie service. 
routine measures consisted of morphine .sulphate am! atropine .sul- 
phate in the preparation for ane.sthesia. ^forpiiine snipiiate was 
administered every -1 hours as net*<ietl postoju-ratively. IntrayenoU' 
fluids chiefly of ofT ghieose in saline, were afiministeml as imiieattsf. 
(’arbon rlioxhit' inhalations of the gas tliluted in air were given as 
deseriiieti l»y (Inritlier ami HIond.‘ The inhalations were given a! 
la-minutc intervals until the patient uwakenetl; everv half hour U r 
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12 hours, and every hour during the second 12-hour period. The 
intervals were prolonged to from 2 to 4 hours during the next 24 to 
48 hours as indicated. The inhalations were discontinued after 
48 liours. No effort was made in this study to separate the effect 
of the various agents used in the pre- and postoperative routine. 
The results obtained are those of the composite picture of the 
routine postoperative course in this hospital. However, at a later 
date, these agents were studied separately on other patients. Their 
effect on intramuscular pressure was found to be negligible. These 
results will be reported in another communication. 



SPINAL ANESTHESIA 

Chart 3. — The eflect on intramuscular pressure of surgery under spinal anesthesia, 
in the uncomplicated uneventful postoperative course. The broken lines indicate 
the limits of variation in intramuscular pressure. The heai'y line shows the average 
values. The lowest level of intramuscular pressure was noted during the second 
0-hour postoperative period. A return to tlie preoperative level was obtained by 
the fourth day after operation. 


In the patients who followed the normal, uneventful course of 
postoperative convalescence, a marked drop in the intramuscular 
pressure was observed during the first 6 hours of the postoperative 
period. The maximum lowering occurred at 6 hours. In the second 
6-hour period, a slight rise was noted. Every patient operated 
ui)on under ether anesthesia showed a drop of intramuscular pressure 
to a level of from 20 to 40 mm. of water in the first 12 hours. The 
intramuscular pressure gradually returned to its preoperative level 
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during the next 4 days (Chart 1). During the excitement stage of 
ether anesthesia both intramuscular and venous pressures increased. 

The Effect of Swgery Under Spinal Anesthesia. The effect of 
surgery under spinal anesthesia was studied in 130 observations on 
32 patients. iMost of these were from the general surgical service. 
The surgical procedures undergone by this group were far more 
formidable than in the group operated upon under ether anesthesia. 
The routine pre- and postoperative treatment was. however, iden- 
tical (Chart 2). The anesthetic agent consisted of from 100 to 
150 mg. of procain or its equivalent dosage in pantocain, or their 
mixtures as indicated by the need for prolonged anesthesia or a 
higher level of anesthesia. 

The maximum drop of intramuscular pressure occurred during the 
second 6-hour period, in contrast to the maximum fall in the first 
6-hour postoperati^•e period in the ether anesthesia group. The 
extent of the drop was approximately the same. The intramuscular 
pressure returned to its preoperative level within 4 days postopera- 
tir'ely. This group also represented the uncomphented postopcrntire 
course with an uneventful recovery, 

Svrgery Under Pcniothal Anesthesia. Three patients operated 
upon under pentothal anesthesia, who had only minor surgical pro- 
cedures, of short duration, showed no postoperative fall in intra- 
muscular pressure. 

Summary. A rapid drop of intramuscular pressure occurred 
following major surgical procedures under ether and spinal anc.";- 
thesia. The intramuscular pressure reached the low level of 20 mm. 
of water within G to 12 hours after operation. In the ether anes- 
thesia group, the lowest level was reached during the first 6-hnur 
period after operation. The intramuscular pressure gradually re- 
turned to its preoperative level by the fourth day. These groups 
represent patients with uneventful postoperative courses. Pulmo- 
nary atelectasis and other complications were not present. Hie 
return of the intramuscular pressure to normal levels paralleled the 
clinical improvement. Surgery of a minor nature, in 3 jjatient.s 
under pentothal anesthesia, was not followed by a drop of intra- 
muscular pressure. 
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INTRAMUSCULAR PRESSURE. 

n. The Venopressor Mechanism in Shock-like Conditions 
AND THE Effects of Various Drugs.* 

By Lewis Gunther, M.D.,t 

ASSISTANT CLINICAL PROFESSOR OF MEDICINE, COLLEGE OF MEDICAL EVANGELISTS; 
adjunct PHYSICIAN, CEDARS OF LEBANON HOSPITAL, 

Hyman Engelberg, M.D., 

RESIDENT IN MEDICINE, 

AND 

Ludwig Strauss, M.D., 

RESIDENT IN SURGERY, 

LOS ANGELES, CALIF. 

(From the Cedars of Lebanon Hospital.) 

In the foregoing article® tve showed a fall in intramuscular pressure 
after major surgical procedures with a return to the preoperative 
level by the fourth postoperative day. This communication deals 
with the variations in intramuscular and venous pressures as they 
occurred in the postoperative complications of pulmonary com- 
pression (atelectasis), shock, infection, and in collapse following 
massive hemorrhage. 

A fall in venous pressure and a decreased volume of venous return 
are among the most striking physiologic changes in the circulatory 
failure of shock. Among the most constant pathologic findings are 
the high, flaccid diaphragms, the red, oozing, atelectatic lungs, and 
the empty heart.^''*'*®| 

The theoretical basis for these alterations in respiratory and cir- 
culatory function have been postulated by Henderson.® He believes 
that the lowered intramuscular pressure, or “muscle tonus”§ as he 
prefers to describe the phenomenon in shock, is one of the most 
important factors in the failure of the venopressor mechanism. The 
tonicity of the muscles of the body, he believes, is a factor of greater 
importance in the maintenance of the venous circulation than is 
that of the vasomotor mechanism. This relationship between 
“muscle tonus,” i. c., intramuscular pressure, venous pressure and 
the volume of flow in the venous system, he terms the “venopressor 
mechanism.” 

* Read before the staff of the Cedars of Lebanon Hospital, Los Angeles, Calif., 
May 20, 1940. 

t Dr. Gunther is now in military service as Lieutenant-Commander, M.C., U.S.N.R. 

t The theories advanced to explain the circulatorj-- disturbances in shock,i= such 
as the failure of the adrenal cortical hormone, disturbances in electrolyte balance, 
formation of the “H” substance, capillarj'- damage and hemoconcentration, do not 
adequately explain the loss of intramuscular pressure, nor do they concern us here. 

§ Johannes Muller, quoted by J. F. Fulton,< first employed the word “tonus” as 
meaning a slight contractile tc/ision cJiaractcrislic of normal skeletal musde when at rest, 
and he attributed this tension to the influence continually exerted upon the muscle 
by the nerve centers in the brain. 
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An agent whicli would increase tlie lowered intrainiiscnlar j)rcsstire 
to normal should also elevate venous pressure and restore venous 
flow._ Furthermore, a restoration of the values of both of these 
physiologic functions, should be accompanied by clinical iinjjrovc- 
ment in shock-like conditions. Such an agent should be a valuable 
adjunct in the treatment of shock. 

In this study we wish to report our observations on the intra- 
muscular and ^-enous pressures, and the altogether une.xpcctcd and 
startling alterations in respiratory functions, venous and intra- 
muscular pressure after the use of certain drugs. 

Methods and Controls, The intramuscular pressure ivas measured 
with Henderson’s apparatus as modified by Kerr aud Tlio sources 

of e.xperiinental error are discussed b3’ Wells and Yoiunans'" as well as In- 
us.' The venous pressure was determined bj- the direct method. The 
auricular level was taken as being 5 cm. below the surf.ace of the clic.-t in 
the fourth interspace. The preoperative measures consisted of morphine 
aud atropine sulirhate in the preparation for anesthesia. Morphine .=ul- 
phate was given even,' 4 hours as needed in the postoperative period for the 
control of pain. Fluids were administered intravenoush- as needed to 
combat dehydration and acetone ketosis. The fluids were chiefly o'; 
glucose in .saline, or plmsiologic saline. Initiations of carbon dioxide gas, 
diluted in air, were given as described by Gunther and Blond.' The inhai.a- 
tions were given at 1.5-rninute intervals until the patient awakened; everj- 
half-hour for 12 hours and cverj' hour during the second 12-honr period. 
The interval was prolonged to from 2 to 4 hours during the next 24 to 4S 
hours. 

The Separate Effect of the Different Drugs and Agents Used in the Pre- and 
Postoperative Routine. Morpliine sulphate (gr. 1) and atropine sulphate 
(gr. were administered subcutaneous)}' to o patients several day.s 

Ijcfore elective surgen'. No cliangc-s \vcre noted beyond the usual 10 mui. 
error i?i reading tlie prossuves, during a 4-hmir period. Xeithcr were change.-: 
obt.aiued during and following the administration of from 1 to 2 liters of 
fluids, .saline or 5% gluco.se intravenou.sly in 44 ob.scrvations, or of 1 >I(Sk 1 
tran.sfu.sions in S oljscrvation.s. 

Dc.spito the routine administration of c.arhon dioxide gas during the post- 
operative j)criod, a marked lowering of the intramuscular pre.s.sure occurred. 
To study the cfTect of carbon dioxide inhalations in a markedly dcitro.scd 
level of intramuscular pressure, inhalations of the gas to the point of 
marked hyiwrpnca were given to 3 patients. The lowered level of intra- 
muscular pre.<surc did not change following the ndmini.=tration of the gas. 

Pfistaprmlirr Cvmjiliraiinnx. The imlivjfliial ease report.s lierein. 
represent a group of paticnt.s rvith postoperative eomplieatious. 
'riiese were ateleetasis, evi.seeration. s!if)ek ami peritonitis. 1 !ic 
elfeets of lieinorriiage, i)loo(i transfusion, eaffeine so<iiinn beir/.oate. 
parerlrine ami of j>yri(iine-beta-carboxyiieaei(l dietbylamule,* will !'<■ 
shown in the imlividnal ea.sc reports. 

• I'or tlio g.'ilr sotntion of pyri4K«*-lK-ta-rart)^>xytiV a:*!':! tiif-tfjytarni't,- i.'i fU' 
stu'iy. wo art- i!iitol>to<i to tlio Citia rharinaootuira! Rrottiiot-. fno.. it ho 
?ui»“ta!uo known ijrtUor tfio IrnUo name «/f Corarnino I'or th" r.atr- of (irc.i.t ' ‘ 
K-ill rofor to tho tr.-nJe name of tlo- «5nic. ^ 

Coratniin' tni's t i-nti tii r. rt-iiiratory <iiin!!ant. It ntii faf' to nt-t l i'C.".' ' ■ 

the rt'-!>iratory rcnti-r or tut th-- ageri-nt in-rvo ••nUine'* in the raroti'i tiolli. ■ 

Iia-I jKiinte*! o’lt that thi- in-rvo'i-i nir-oh.at-.i-ni of n-piration i-Tcrt'* a io-A<-r.Oi! If..- ■' 
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Tile effect of Coramine, CO. inhalation and the intravenous 
administration of glucose in the usual and uncomplicated postopera- 
tive course is shown in Table 1. 

Tabi-e 1. — Effect of SunoERy on Intramuscuear Pressure and the Effect of 
THE Intravenous Administration of 5% Glucose, of the Intramuscular 
Administration of Caffein Sodium Benzoate, of thb'Intravenous Admin- 
istration OF Coramine, of the Subcutaneous Injection of Strychnine 
Sulphate and of the Inhalation of Carbon Dioxide Gas Diluted in Air, 
on a LowEnED Level of Intramuscular Pressure. 

Patient. 

H. P. M. H. M. A. G. H. E. 



rA 

— 

81 

49 

70 

— 

Before surgery. 

29 

10 

57 

19 

— 

— 

1 hour after surgery. 

— 

— 

— 

— 

43 

— 

3d day after surgery. 

• • 

• • 

* • 

• * 

* * 

• * 

2000 cc. 5% glucose intravenously. Read- 
ings immediately after glucose and 
0 liours after surgeiy. 

25 

5 

— 

— 

— 

_ 


— 

— 

42 

— 

— 

— 

0 hours and 30 minutes after surgery. 

- 

- 

31 

28 

43 

- 

Before administration of 7-1 grs. caffein sod- 
ium benzoate given intramuscularly. 

_ 

— 

40 

20 

54 

_ 

30 to 40 minutes later. 

25 

5 

40 

19 

21 

20 

Before administration of 5 cc. Coramine 
intravenously. 

49 

0 

51* 

38 

71 

59 

5 minutes after injection. 

01 

- 

— 

— 

— 

— 

30 minutes later. 

- 

- 

- 

32 

73 

- 

1 hour after injection. 

- 

- 

- 

28 

- 

20 

Before administration of strychnine sul- 
phate, gf. subcutaneously.f 

— 

— 


20 

— 

20 

1 hour after injection. 

G1 

- 

- 

- 

- 

- 

Before administration of inhalations of CO: 
gas diluted in air.f 

59 

— 

— 

— 

— 

— 

Immediately after hyperpnea. 


* Intrninuscularly. 

t Acklitional data on normals will bo shown in another communication.. 


on “muscle tonus.” The pharmacologj' of Coramine has been discussed fully by 
Meier and Miillor.'* 

There is practically no danger of overdosage with Coramine, inasmuch as the 
toxicity is low. Furthermore, the drug carries a warning signal when the injection 
should be stopped, by the appearance, of coughing. Even if the warning signal of 
cough is missed, a second warning appears in the form of mild muscular coinnilsions 
which are not serious to the patient. Convulsions appear long before the lethal 
dose is approached .'=■ We have administered as muck as 30 cc. of Coramine in 
divided doses intravenously, within a 30-minute period to normal individuals. The 
only unpleasant reaction of the large dosage in normals consisted of a marked pressor 
effect with headache and sneezing. The pressor action seen on normals was not 
obtained in patients in shock-like conditions. 
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Case Reports. Case 1. H, P., female, aged 42, had a supravaginal 
hysterectomy. Immediately after surgery, when the p.atient had been 
returned to her room the intramuscular pressure was obtained at the low 
level of 29 mm. of water. Five centimeters of Coramine were given intra- 
venously. The characteristic respiratory stimulation consisting of deep and 
rapid inhalations, accompanied by flushing of the skin was immediate and 
prompt. The intratnuscular pressure was obtained at 49 mm. of water, a 
ri=e of 20 mm.* 

The administration of 2000 cc. of 5% glucose intravenously, and the 
inhalations of carbon dioxide gas in the usual postoperative procedure did 
not alter the level of the intramuscular pressure. The Coramine effect wore 
off in 0 hours and the intramuscular pressure again dropped to a low level. 
The patient made an uneventful recovery* pursuing the usual uncomplicated 
postoperative course.* 

On three occasions, the development of clinical atelectasis was 
observed after surgery, in shock states, accompanied by greatly 
lowered levels of intramuscular pressure. 

Case 2. J. S., a SS-year-old male had a partial gastrectomy for the 
removal of a carcinoma. The intramuscular pressure values fell steadily 
through the first 3 postoperative days. On the eighth postoperative day 
the viscera protruded through the wound. Three hours after the sccond.ar}- 
wound closure, the intramuscular pressure dropped to 20 mm. of water 
(Chart 1). The venous pressure was found at the extremely low level of 
1 cm. of water. The patient was stuporous and dyspncic. The pulse wa^ 
rapid and thready. The face was pale and pinched and sweating wa.“ 
])rofuse. Tlic vital signs were: pulse 160 and respirations 62 per minute, 
temperature 104° F., and blood pressure 140/80. The clinical picture w-as 
that of peripheral failure, or shock with vasomotor compen.'ation m.ain- 
tained (comi)cnsated fonvard failure; Harrison'). 

Pereus.^ion of the chest showed relative liver dullna«s on the right at the 
third rib anteriorly and flatnc.<s below the third interspace, with a cor- 
responding level on the left. The breath sounds were suppressed and fine 
crepitant ralc.s were audible at both hing base.s. These jjhy.-^ical finding'^ 
were comj7atible with tho.=e of po.stoperative pulmonary atelcctasi- (more 
strictly pulmonary comi)re,«ion), and are frequently mi.«diagnoscd as po-t- 
ojK'rative pneumonia. 

Two doses of Coramine of 4..'> cc. each were given without rtsult.s.f l ol- 
linving the administration of a subse(|uent do.=e of 10 cc. Corainiiie, the 
jj.atient aw.akencd from his stupor, bcc.ame rcstle.-s and l.o minutes later, 
when taken, there w.a.s noted a rise in the intramuscuhar pressure to .'si inni. 
of water. The rise in the venovi.s pressure p:iralloled the rise of jntramu-etilar 
l>res-;urc and w.as obtained at 12 cm. of water. Within the next 30 niinuti-' 

* Mc.'isnreiiif'iil of imr.'imusciilar after iiitrnvcno'n .'itiniini'tr.ition of .i 

<lri!K, ••“iieci.'illy iti ttio in^iatif-r.* wJierc Cornmino wa« Riven. w:ei mn'ie a" raei'ilv 
tlicrraftor tv* iios'.ililc. Rratiincs of ititrninurcular pri''-iirc wen- olk- 

t.nir.o'i ivitliin 2 to U niimiti-s, ntiU in no instance <ti<! it t.nkc loiiRcr tii.an .'iinintitcs from 
the time of ndniini^tr.ntion of tlic (iruc. 

t Tliis was our first ciii’ericiicc of i> f.ai!urc to oiitnin tiic itnmcstia'.c rcsjiirsO-rj 
ri'sism-c followjnir tlic intrnvcnou* ariminfstration of Corniiiiiic. in (fo-^cs of -t •> r"' . 
I.nt.T vv!i. !i «e stmliisf norniril inilividua!* no found tiint tli'* irnnuiiiatc ri-'!>imr''i > 
«!imul;>!ic'!i occ.-v-ionaUv no! oiitaiiuHl with the smaller (10*0 <)f l-A cc. If. hor*- 
cver. it wa« follo'Msi [ly the a(iinini-!ration (.f the l.arpcr do-c of 10 cc. tfs" cfiya’'!'" - 
i-',! ' i.romp! hyisuiir.ca c:i*';i'!. .V“ will N- shown in anotlicr commuc.icati ui I ' 

•■;-.i-tac'ilar inerc.-.*.-- of low intrnniu^C'jl.ar nti'l venou* jirc-s-urc-i wa* no! o.'tao-''' 
vii;.':! liicir aa'.ucs wi-r,- wiliii:; norm.al levels st the ouf'-t. 
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the physical signs in the chest changed. The percussion note of relative 
liver dullness was obtained at the fifth interspace and the breath sounds 
became audible, of a harsh bronchovesicular quality. The disappearance 
of the pulmonary compression and the descent of liver dullness, presumably 
the diaphragm level, was as spectacular as the changes in the intramuscular 
and venous pressures. During these events the blood pressure which was 
135/80 remained unaltered.* 



ChXrt 1. — Appearance of bilateral pulmonary compression (atelectasis) con- 
comitant with the fall of the intramuscular and venous pressures in surgical shock. 
The administration of Coramine intravenously was followed by an immediate and 
marked increase in intramuscular and venous pressures. A change in the physical 
signs in the chest appeared within 30 minutes. The signs of pulmonary compression 
disappeared. 


The intramuscular pressure remained at a high level during the period 
of two subsequent administrations of Coramine given at 3-hourly intervals 
bj’’ the intramuscular route. The following morning, the general condition 
of the patient was decidedly improved. The pulse was 120 and the respira- 
tions 32 per minute. The temperature was 99.6° F. The clinical picture 
of forward failure and of atelectasis had disappeared. 

Infection of the peritoneal cavity developed, and during the next 11 dai^s, 
the intramuscular pressure values slowly dropped and peripheral circulatory 

* Postoperative pulmonary atelectasis may disappear with great rapidity following 
many different measures, or without any obvious reason. It is likely, that in our 
first cases we were dealing with “pulmonary compression” with an elevation of the 
diaphragms, as described by Muller cl a/.” and Prinzmetal et al.,'* rather than udth 
true atelectasis which according to the definition of Corjdlos,’ requires pulmonary 
compression and bronchial obstruction. In our third observation of this condition, 
the respiratory response was accompanied by a severe coughing paroxysm, after 
which large quantities of purulent sputum were expectorated. In this instance, 
true atelectasis was probably present. However, from the clinical point of view, 
the ijicture of atelectasis with bronchial obstruction, as determined solely by physical 
and vital signs, cannot easily be differentiated from simple pulmonary compression 
and elevation of the diaphragms. Sufficient Roentgen ray observations have been 
made in papers,-’-'^ under similar circumstances, and in one of our cases to give 
authoritative weight to our observations by physical methods, relative to changes 
in position of the diaphragm. 
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collapse a"ain appeared. Evisceration occurred again on the thirteenth 
day and he died shortly thereafter. The natural course of the iline.^s -vva? 
followed during the later period without further attempt to alter cither the 
intramuscular or venous pressures. 

C.vsE 3. S. B., age 33, female, gave us the opportunity to stmlv the 
clTects of intravenous fluids, the inhalations of carbon dioxide gas. tlie 
effect of the intramuscular administration of caffein sodium !)enzoatc and 
the intravcnou.s administration of Coramine. 

This patient had renal tuberculosis. Nephrectomy wa.< performed under 
.spinal anc.sthe.sia consisting of 100 mg. pantocain and SO mg. procaine. 

Despite the administration of 2000 cc. of intravenous fluids, a markc<l 
drop of intramuscular pressure was observed (Chart 2). The inhalation of 



C'haiit 2. — .V fall in inlranin^cular i)rc''''irp. fnllowinc iienlireptomy, <lr«i>ite th'" 
inlravf'noii-“ aflniinistralinn iif fliiiiN. aii'i of carlxiii ilinxaie inhalation to tli<' point of 
hyppfl'aea. Concomitant witii the fall of intramnsanlar iirc'^'iirc. the elinieal pi'-tilre 
of hilateral pulmonary c-ompre^.-iion (ateleetaxiA) fievelopefi. rolloainc the ititm- 
venon" aUmini-tratioa of Coramine. an unme<iiate ami marked imTe;i.«o in the mtra- 
mimenlar pre-^nre oeenrreti. The physiral simi' of pulmonary eompre'=''ion ili-ap* 
tieared wiltiin -f.j minnte-i. .-V very .‘•liqht inere:i.“e in intramti'enlar pre^-nre ftilliiui'i 
the .'nimini'tration of eaffein sodium l>enzoate. 


carbon dioxide ga-^ for ~j ininutc' tt» the point of markcfl liyporpnea tiiti not 
rai'C the level of the <l(')ires'e:l intramti'enlar pre^'iire. <)ii two oeea-ion-. 
:ui ititravenou' injection of Coramine wa' followed by a marked ri^e of tlm 
inlratim-tailar pre"Ure. On the fourth postoperative <lay 71 gr. of caffctti 
'O'iitim benzoate wa' given inlnumi'ciilnrly tunl a slight increa-e in tie* 
intr.amU'C'ilar pre-'iire w.a' noted >ine Irilf-hotir later, from thi* i«iint on, 
the iiatietit made an tmeveiitfiil recovery. 

.\' in the previoti' p '.ti''nt, at the time when the level of the intr.innioa!. w 
prc"iire v..-.' ■-■■vcnly depn — ml. coiiicidental!y. pttlinon.ary co;njili''.'it!o:;-^ 
were noted. Tie' phy'ie.al -igii' of ptihnonan.- etunpre-'ion, .and th'- ''Inw" '' 
pi.-tiire of bibit'-ral pultnotrirv atelerta-:' at the ba'C' were nott-<l. 11 . '• 
p'.ibe '-'.a' 12' I and re-piration« .'f'f p-r minute. Tim temp rat'ire 

ito.r F. 
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Following the administration of Coramine, a marked rise occurred in the 
intramuscular pressure. Simultaneously, the level of the diaphragms, 
determined by percussion of liver flatness on the right, and by percussion 
of the lower border of lung dullness on the left, moved downward 1| inches. 
The lungs inflated, and the findings of pulmonaiy compression, and the 
clinical picture of atelectasis rapidly disappeared. 

Case 4. S. S., male, aged 54, had a cholecystectomy under inhalational 
anesthesia. When returned from the operating room, his intramuscular 
pressure was recorded at the low level of 21 mm. of water and the venous 
pressure at 7 cm. of water. 

The blood pressure had fallen from 140 systolic and 100 diastolic to 
74 systolic and 56 diastolic- The pulse was 140 and the respirations 20 per 
minute. The temperature was 98° F. The skin was cool, and covered with 
perspiration. The patient showed the clinical picture of postoperative shock 
with a failing vasomotor mechanism (forward failure, uncompensated). 



CiiAUT 3. — Tlie effects of bipod transfusion, paredrine and of Coramine on intra- 
muscular pressure. Despite two blood transfusions the intramuscular pressure fell 
to a low level. Following paredrine, the systolic blood pressure rose from 120 to 170 
.systolic, with no significant change in the intramuscular pressure level. Coramine 
given intravenously was followed by a marked and prompt increase in the intramus- 
cular pressure. 

Ten cubic centimeters of Coramine were given intravenously. Within 
0 minutes the intramuscular pressure was recorded at 99 mm. of water and 
the venous pressure at 14 cm. of water. The skin became flushed and warm 
and the general ajipearance iinjiroved. Within 3 hours of the administration 
of the Coramine, the intramuscular pressure had fallen to 52 mm. of water 
and the venous pressure to 3.5 cm. of water. 

On the fifteenth iiostoperative hour the intramuscular pressure was 
recorded at 54 mm. of water and the I'enous pressure at 5.5 cm. of water. 
The patient was again perspiring, the skin was cool, and his face pale. 
The pulse was IGS and the respirations 28 per minute. The temperature 
was 102.6° F. The blood pressure was 55 systolic and 30 diastolic, and he 
again showed the clinical jiicture of forward failure with failing compensa- 
tion of the vasomotor mechanism. 
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Tiie upper border of liver dulluess was obtained by percussion at the .td 
interspace and pulinonarj' dullness at a corresponding level on the left. 
The breath sounds were suppressed and practically inaudible at both bases. 
Rales were not heard. The physical signs of bilateral pulmonan- com- 
pression and the clinical picture of bilateral pulmonarj' atelectasis were 
present. The elevation of the diaphragms and compression of the lung< 
were verified by Roentgen ray e.vamination and were interpreted by the 
roentgenologist as pulmonarj’ atelectasis. 

On the si-xteentli postoperative hour, a cc. of Coramine were given intra- 
venouslj’. The first readings recorded 4 minutes later showed intramuscular 
pressure at 99 r^. of water and venous pressure at 13 cm. of water. After 
12 minutes the intramuscular pressure stabilized between 63 and 72 mm. of 
water and the venous pressure between 7 and 8 cm. of water. These levels 
were recorded during the next 20 minutes. 



Cu.snr •}. — The fall in intramuscular pressure, venous pressure, and of arterial 
pressure followina .a rojissivc Ra-stric hemorrhase nssociate<l with i)criiihcral coltarise. 
The administration of Coramine was followed by a prompt and marked inrrc.vc in 
Iwth intramuscular and venous pressures. Arterial pressure remained unchniiRisJ. 
Transfusion of blood did not siRiiificantly alter the levels of intraniiiseular pressure. 


Iinmediatclj’ following the administnition of tiic Coramine the p.itieut 
became re.s{le.ss, hi.s color changed ton flush, and ho bad ‘•everal paroxv’.-Tn-j 
of coughing, which were accompnnietl bj’ the cxpcctor.ation of a small 
“kidnej’ basin" full of thick, tenacious greenish-yellow material. 

Percussion of the lungs 22 minute.s after the administration of Ute Cora- 
tnifie showf'd the upj>er Itordcr of the liver dullness at the .uth inlerspnec 
witii a corresponding level of imlmonarj’ dullness on the left. Breath sottiid- 
were audible, of a bar.sb bronebovrsicular fpiality, and many fine nile^ were 
ttudible at both b.ases. _ _ 

The following morning, i. c., 12 hours after the ndinini-tratton ‘>i 
Coramiii'’. the intnsmu-ciilar pressure w.as recordcil at 51 rnm. of water and 
the venous pres-iire at 5.4 cm. of water. Tia* teinfK'rature was i(XI 1. 
The pulse Bid and the resjuralions ,30. The physical signs of incorni’c t'' 
aeratirm were still present at the bases and were verified l<y HfK-ntgcn raj. 
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but the general condition of the patient had improved and the clinical 
picture of forward failure was no longer present. The patient developed a 
pulmonary abscess in the upper right lobe which was diagnosed 19 days 
after surgery. The clinical picture of shock never returned. 

Intramuscular Pressure During Infection. The effect of severe 
infection was observed in 3 patients. The intramuscular pressure 
fell to a low level, similarly as was seen in the patient with post- 
operative depression, shock, or after hemorrhage with shock. 

Case 5. H. E., female, aged 56, was operated for acute appendicitis 
with rupture. Diffuse peritonitis developed. The intramuscular pressure 
shown in Table 1, was at the low level of 36 mm. at the time of operation 
and dropped to 22 mm. where it remained until the second postoperative 
day when Coramine was administered. _ • 

Case 6. A. G., male, aged 60, was operated for mastoid infection due to 
pneumococcus Type III. The preoperative intramuscular pressure was 
80 mm. and 72 mm. the daj’" of operation. Four days later with a full 
picture of meningitis, septicemia and heart failure, the intramuscular pres- 
sure had fallen to 21 mm. The clinical picture was that of severe toxemia 
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Chart 5. — The effect of caffein sodium benzoate on a lowered intramuscular pres- 
sure, and the drop in intramuscular pressure during the depression of acute infection. 
The intravenous administration of Coramine was followed by a prompt and marked 
increase in intramuscular pressure. 


and shock (Chart 5; Table 1). In J. S. (Case 2; Chart 1), as the peripheral 
failure appeared during the progress of peritonitis, the values for intra- 
muscular and venous pressures both fell to low levels. However, in A. G. 
(Chart _5) both peripheral failure (associated with acute to.xemia) and 
congestive heart failure are represented. The intramuscular pressure at 
the height of the infection was at the low level of 20 mm. of water and the 
venous pressure was at the high level of 16 cm. of water.* 

* e have also observed the combination of normal values for venous pressure 
and low levels for intramuscular pressure in patients with acute coronary thrombosis, 
with shock, without congestive heart failure. Intramuscular pressure after coronary 
occlusion wiU bo the subject of another communication. 
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The response of a lowered intramuscular pressure to the intra- 
venous administration of Coramine in all three examples of the 
depression of infection was as prompt, spectacular and of a similar 
magnitude seen after its administration in the collapse of massive 
hemorrhage or in shock states (Charts I, 4, 5 ; Table 2).* 

Table 2. — Effect of Masso'e HEMonmuGE ox Ixtramuscltar Pbepscre and 
THE Effect of Cobamine and Blood Transfusion on a Lowered 
Level of Intramusculah Pressure After nEMonnuAOE. 

Patifiit. 

’ aTp! rTk ' 



.37 

— 

125 'Go 

BIcedinc diiodennl ulcer. 

20 

3 

70-30 

After massive hcniorrhaRc. 

05 

S 

7Si.l2 . . 

. , 3 minutes after 4.5 cc. Coramine in- 

trn^-cnou.sly. 

•IS 

“ 

92 'GO . . 

. . 40 minutes later and Ijcforc blood 

ImnsSiiFion. 

47 



Immcdiatel.v .after .500 cc. whole 
blood trnnsfu.sion. 


20 OS, GO GO 
4.3 

•17 - OJ 


Diiocien.al ulcer: licmorrliiiEC widi 
Bpontancoup rccovcrj'. 

.3 50 Fob. 0, JO 10. S r.M. after larcc 
hcmorrbnce. 

- Fob. 7, IflfO, I P.M. 

- Fol). 8, 1910. 


Intmmn.srular Prrxmrr aflrr Maxsirr Jlrmnrrhagr, uud nftvr ihf 
Transjusinn oj \VhnJc Blood. 

Cask 7. The effect of hemorrhage was studied on H. R., a .77-ycar-o!d 
white male. Wliile on tfie ward, tlie patient .suddenly vomited ‘iOOU re. 
(measured f(iLanfity) of fluid and clotted blood. Tlic intramuscular pressure, 
venous jiressure and tl\c hlood pros.surc were all recorded at a low level 
follnwitu: the hemorrhnKC (Chart 4). Tlic patient wa.s in profound coll:ip-e. 
Immediately after the intravcnoti.s administration of .b ce. of Coramine a 
marketl rise in intrtimnscular and venous jire.ssnrcs and inii>rovement in 
the clinical conilition were note<l. TJic Wood pressure remained unaltorvl. 
The ineroase in intnvmuscular and venous jiressures was not inairitaiii' d, 
and 2 hours later the intramuscular pressure was atraiu reconieti at a !ov. 
level, rollnwiue a hioo'l transfusion of 1000 ec. of whole hlo'sl, n'> H2- 
nifieant increase in intr;min.scnlar pressure ronld be recorded, 

Ca-k .8, A. S.. atred 2' I, sufTere<I a sudden hemorrhage from a hlisshiic 
dti'elcmd ulcer. Likewi-e, the IiIoihI pre-'iire. venous jire-suri' and i'Or-'" 
mu-eul'ir pre—ure fell to low level- (Table 2). An intravenous injectio:! 

* T!;" ri.R.Tjs i:. f'lirtrt .3, wlii-h was .alo-arlv Ijicli (tsf to tlis I -e ts.' . 

frotnre o-onc. -tivi' fail<irei, rliancis! -liKhtty. n variation e.i'tii'i ti." e 

tl.-.- i):'.'.!,'"!. F, l.i-ri'-'.- t!:>. inlr.amn-'-.jKr jiri's-irc re-*' iiiarlnlly nft>-r t!." a'bne.: 

(Ion of (■..ran:!; ’• 
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4.5 cc. of Coramine was followed by an immediate rise in venous and intra- 
muscular pressures. A transfusion of 500 cc. of whole blood showed no 
change in the value of intramuscular pressure before or after the transfusion. 

Case 9. R. F., a 41-year-old female, similarly suffered a sudden hemor- 
rhage from a bleeding duodenal ulcer (Table 2). She likewise showed low 
values for intramuscular pressure following the hemorrhage. 

Case 10. E. F., a 57-year old female (Fig. 3). Following the removal of 
a common duct stone, the intramuscular pressure continued to fall, despite 
two blood transfusions of 500 cc. each. On the fourth postoperative day 
the intramuscular pressure was recorded at the low level of 28 rnm. of 
water. Paredrine,* 20 mg., was given subcutaneously. No significant 
change in the intramuscular pressure was noted over a 2-hour period. The 
blood pressure, however, rose from 120 systolic to 170. In contrast, 4.5 cc. 
of Coramine, given intravenously the next day, was followed by a marked 
rise in intramuscular pressure (Table 3). 


Table 3. — Effect of Paredrine and Coramine on a Lowered Level of 
OF Intramuscular Pressure. 


E. F. 


sw 

o; 

In . 


s e 

B s' 

e3 ^ 

P. 

•g e 


2 3 

c ^ 

28 

§E 

S 

130/08 

April 20, 1940, 3.30 p.m., 20 mg. paradrine subcutaneously 

31 

132/70 

5 minutes later. 

29 

102/74 

10 minutes later. 

31 

170/80 

15 minutes later. 

33 

170/80 

30 minutes later. 

32 

105/74 

45 minutes later. 

41 

150/74 

00 minutes later. 

29 

130/70 

2 hours later. 

39 


April 21, 3.30 p.m., before 5 cc. Coramine intravenously. 

73 


2 minutes later. 

70 


5 minutes later. 

70 


30 minutes later. 

41 


April 24. 


Tlie lack of response after transfusion of whole blood was also 
seen in 3 other patients whose case histories are omitted for brevity. 
A total of S observations showed no change in the values of intra- 
muscular pressure after the transfusion of blood, whereas the 
administration of 4.5 cc. of Coramine by the intravenous route, 
was in each instance followed by a prompt increase in its level. 

Inirmmiscvlar Pressure Responses io Caffein Sodium. Benzoate, 
Sirj/chninc, Paredrine and Ephedrine. Six patients were studied for 
the effect of caffein sodium benzoate (Charts 1, 2, 5; Table 1.) The 
intramuscular administration of 74 grains of this drug was followed 
by a definite, although slight increase in intramuscular pressure in 
4 of the 6 instances. 


* The Paredrine was supplied throURh the courtesy of Dr. M. H. Nathanson. 
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The increase in intramuscular pressure -was about ‘10 mm. of 
water and is theoretically within the variations of error of the 
method. However, all changes after caffein were in the same 
upward direction. 

Paredrine (20 mg. subcutaneously) was given to 5 patients and 
ephedrine sulphate (f gr.) in 1 patient during the course of .sj)innl 
anesthesia. Paredrine (20 mg. subcutaneously) was given to 4 
normal patients solely to study its effect on intramuscular pressure. 
Detailed figures are shown of a patient with low initial intramuscular 
pressure in Table 3 and in Chart 3. 

The pressor action of Coramine which was seen in normals, was 
not observed by us in shock-like states wherein the intramuscular 
pressure was at a low level, whereas its ability to raise intramuscular 
pressure and venous pressure in these conditions was a constant 
phenomenon. In contradistinction: paredrine in addition to its 
pressor action, is also a venoconstrictor. It raises venous pressure 
for a very short time although it has no effect on a low intramuscular 
pressure. No attempt Avas made in these studies to bolster a failing 
vasomotor mechanism with an additional pressor substance such as 
paredrine. The combined action of venopressor and vasomotor 
drugs in shock-like states should be a physiologically sound thera- 
peutic procedure. In no instance when given to patients under 
spinal anesthetic did paredrine or ephedrine prevent the fall in intra- 
muscular pressure which has been observed following surgical pro- 
cedures,® nor did it alter the intramuscular pressure levels in the 
normals studied specifically for its effect. The administration of 
strychnine sulphate (gr. subcutaneously) (Table 1) likcAA’isc did 
not alter the intramuscular pressure. 

Summary and Conclusion. Intramuscular pressure measurements 
were made in a variety of clinical conditions anrl in normal patients. 
In the postoperative dcprc-ssion following major surgery under cither 
spinal or ether anesthesia, in the collapse following severe hemor- 
rliagc, in the deprc.ssion of severe infection, and in postoperative 
shock, a lowered intramuscular and venous pressure was a constant 
ol)servation. 


Mnrjdiinc. atropine, .strychnine, paredrine and carbon dioxide gas, 
flid not alter a lowercfl intramuscular prc-ssure. .Although paredrine 
constricts veins and increases venous pressure, its administration did 
not prevent the fall in intramuscular pressure followingsnrgery under 
si)inal anesthesia, nor <lid it raise a lowered intramuscular pres-ure. 
The intravenous infusion of fluitls, glucose, saline and transfusion of 


blood did not alter a lowercxl intramuscular prevstire. 

Pyridine-beta-<‘arbf)xylic acid diethylamide (Coramine— t iba) 
was the only eliemicid among those t<*ste<l tliat consistently inerea-Ml 
the levels of intranmscuiar and venous pressures sirnultancfiu-ly. 
Respinition was imimsliately stimulated and a prfKlueti\'e cough 
aj)})eare<l. If in coma, the patient became serni-<‘ori-cious or co!!- 
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scious. In 3 patients in severe postoperative depression, physieal 
signs elinically indistinguishable from atelectasis disappeared with 
great rapidity after the administration of Coramine. This phenom- 
enon was coincident with the restoration to normal of intramuscu- 
lar and venous pressure. The clinical improvement that followed its 
administration in the shock-like states was most gratifying. The 
data presented herein support Henderson’s postulates of the veno- 
pressor mechanism. 

There is practically no danger of overdosage with Coramine, as the 
toxicity is low. Also the drug carries a warning signal, coughing and 
later convulsive movements long before a lethal dose is approached. 

Coramine in adequate doses appears to be a valuable adjunct in 
the treatment of the immediate period of shock-like conditions. The 
improvement, of several hours’ duration, affords sufficient time to 
enable the patient to receive the benefits of whole blood, plasma, 
serum, vasomotor drugs, or other useful procedures. 
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Native Afric.an' Medicine, With Special Reference to Its Practice in the 
I\Iano Trilp of Liberia. By George Way Harley, M.D., Ganta Di-- 
pensarj', Liberia. Pp. 294; Frontispiece. Cambridge, Mas.s.: Harvard 
University Press, 1941. Price. .$3.50. 


Equ.\tori.a.e and northern Africa have been brought to the fore by 
circumstances which are still waxing. We shall doubtless hear mucli about 
the.se regions, including matters medical, that is fanciful or untnic. Here wc 
have something that is neither— it is the simple, objective stoiy of the Mano 
jieople of northeastern Liberia and Erencli West Africa, a storj- written by 
a medical missionarj’ who has lived for 20 years almost exclusively among 
the blacks, bj' wlioiu he is widely revered as a great healer. Tims, Dr. Harley 
has had unequalled opportunity to observe and comprehend the minds and 
customs of the relatively untouched natives. 

Having collected the native names of 102 medicinal plants used for medi- 
cal purpose.^. Dr. Harley was able, when back in this countrj’ on furlough, 
to identify many of them botanically, and also to perfect his general knowl- 
edge of African native culture. Tliis led to an ethnologic stiuly, over many 
ycar.s, e.specialiy of the .«ecret .society, the Poro Busli, wliich initiated the 
Mano youth into agricultural and political as well as magical arts. 

The Mano concejit of disease is here thoroughly discussed. In one of the 
longer chapters their rational treatment of disease i.s considered; but it is 
also shown how this logically accompanies magical treatment in the ^Inno 
mind, in some ca.«cs a mi.xture of the two being used. It has been o.spccially 
intere.sting to the Reviewer to note the many similaritic.s of customs with 
other primitive trihe.-s, quite unrelated geograjihically, chronologically, and 
etlinographically {c.g., the North American Indians). The medicine man, 
he who knows how to control mysteric.s, makes medicine for .all human con- 
tingcncic.^, sickness among the rest. For the .sick, he uses ration.al remedies 
as rcadil.v ns wc do, but he must also divine and c.xorcise, with fctishc.s and 
ceremonies, that are just as logical to him as the jHirge or the splint. 

This book, as a serious, well-documented study, is, to be sure, not light 
reading for the casual reader, nor wa.s it meant to be. Even ho, however, 
will find much to entertain liim, a judicious selection being hcipcil by a full 
index. For the anthropologist, the mctlical missionarj', and the ply.sicinn 
iiitere.sted in primitive medicine, an intimate acquaintance with this valu- 
able stu<iv is niost wannlv recommended. L. K. 


Tf:.\‘Ti!noK OK Cr.i.vK’AE P.iRAsiToi.oGY. By David Ia BEi.iUN'f:, .M-JL> 
Prof(>S'<ir of Bacteriology and Experimental Paflndogx", Boston I ni- 
versity .'-Vhool of Meriicine; Member of Ft.aff of Evans .Memorial, .Ma— >- 
chu-eit.' Memorial Ilo-pitals. Pp. S.S$, 3 plates. New Iiork: 1). .Appli'- 
ton-Century Company, 1942. FViee, 

At the pre.-ent time there are available at least two adeiiuate and inixiiTn 
textb(w)ks of Par.i'itology, one of them having the .-ame title ns thi- ny>’- 
under review, not to mention a '•Irimibook" or two. or the more exten-U'- 
tri-,iti-(*s o!i tropie.al fli-ea-e^. While these publications do not preeliid'- 1 i' 
po'-ifulitv of improvement or of roiiijietition. additional publication- i ' 
this fiehi sbonld have more toreeommend them than volumitiou- •'' [''''•‘''''J' 
T'liC pre-ent volume ap|>ear.' to offer little more flian tnat. Ihe a.T.u.,' 
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ment of material impresses this Reviewer as awkward, with information 
scattered in several subdivisions. Often, too, the author seems entirely 
uncritical, tending always to build up when the best evidence does not 
warrant it. The book does not compare with others in its field. 


Diseases op the Skin. By Frank Crozeb Knowles, M.D.,_ Edward F. 

Corson, M.D., and Henry B. Decker, M.D. Pp. 621; 272 illustrations. 

Fourth Edition. Philadelphia: Lea & Febiger, 1942. Price, 17.00. 

The author and his collaborators, in this fourth edition, have completely 
revised, reorganized and modernized the text, have included additional 
topics, and have eliminated non-essential and out-dated material. For the 
most part, standard views on dermatology are expressed. 

As it stands, this book is a convenient, terse, and well-illustrated text 
for students and practitioners. Among the especially good features are the 
listing of the regional distribution of common skin diseases, the various 
differential tables, doses in both metric and apothecary systems, and 
selected recent references for further consultation. 

There are relatively few errata in this text. Two such are the continued 
use of "hereditary syphilis” (p. 414) for “congenital syphilis,” which term 
is also used; and, on page 299 under “Xeroderma pigmentosum,” Figure 95 
is labeled "Xeroderma pigmentosa.” 

■ This edition further ensures the already established place of this work 
among the practical American texts on dermatology. H. B. 


Manual de Laboratoris db Salud Publica. B}'^ Oscar Costa-Mandry, 
M.D., C.T.M., Director of the Public Health Laboratories of the Depart- 
ment of Health of Puerto Rico; Associate Professor of Epidemiology in 
the School of Tropical Medicine of the University of Puerto Rico under 
the auspices of Columbia University; Consultant in Clinical Pathology 
to the District Hospitals of Puerto Rico; Director of the Laboratory of 
tlie Mimiya Hospital of Santurce; and Secretary-Treasurer and Exam- 
iner in Pathological Anatomy and Bacteriologj'^, Medical Examining 
Board of Puerto Rico. With a Foreword by P. Morales Otero, M.D., 
Acting Director and Associate Professor of Bacteriologj’' and Immunology" 
of the School^ of Tropical Medicine of the University of Puerto Rico. 
Pp. 368; 14 illustrations. San Juan: Dept, of Supplies, Printing and 
Transport., Govt, of Puerto Rico, 1941. 

This laboratory manual for workers in the field of Public Health is the 
result of the author’s experience of nearly 20 j"ears in the manifold activities 
of Public Health laboratories in a tro}3ical climate. Written not only for 
physicians but for lay workers, technicians and health officers, the book 
presents an unusual attention to details of procedure that should make it a 
welcome volume on every laboratory" shelf in Spanish-speaking countries. 
The first section discusses the collection of samples; the second, the inter- 
pretation of results; the third, the procedures of technique; the fourth, the 
preparation of reagents and solutions, culture media, the techniques of 
sterilization, of filtration, of cleansing of apparatus; the care of laboratory" 
animals; tables of weights and measures, etc. There are also appended the 
rules governing the functioning of the Public Health Laboratories and the 
laws which regulate the practice of technicians and microscopists in Puerto 
Kico. IVell planned, written and indexed, this excellent liook should find a 
wide appeal in all clinical laboratories, and especially' in departments of 
pulilic health in our sister republics to the South. ' R. K. 

VOL. 204 . NO. 2 . — .WODST. 1942 10 
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Sconce and Max. Twenty-four Original Essajvs bv Ales Hrdlick.^ 
Kbixiiold Niebuhr, Jacques Maritaix, Alfred E.' Conx, Arthur IL 
Co.MPTOx, Harold C. Uret, Waldemar Ivaempffert, K. Koffkk. 
Brand Bl-axshard, Ja.mes T. Shotwell, Carl L. Becker, Jull\s 
Huxley, Bronislaw Malinowski, Frank Knight, Lewis Muhford, 
^Valter B. Cannon, Ivarl T. Compton, Je.\n Piaget, Philip C. 
Jessup, Hans Ivelsen, Harold D. Lasswell, Edwi.n G. Conkli.v, 
C. G. Jung, Ralph Barton Perry. Edited with an introduction and 
conclusion by Ruth Nanda Anshen. Pp. 494. New A'ork: Harcoiirt, 
Brace & Co., 1942. Price, 84.00. 

This book is an effort — and a successful one — to study the pl.aco of 
science and its achievements in the world of man, with tiie'aim, exprc'.'wi 
by most of the contributors, implied at least by others, of harmonizing the-e 
achievements with man’s essential humanity. Twenty-four essays, repre- 
senting the scientific field from anthropolog}’ to zoolo^-, present the differ- 
ent aspects of “the paths we must follow if science is to become tlic servant 
rather than the master of man.” These are grouped in sections on; the 
material, methods and ends of science, the relation of science to the universe, 
to societj', to internationalism, and to the individual, with chapters of intrf>- 
duction and conclusion by the Editor, who is also the editor of tiie Science 
and Culture Series. 

Happil}' the day is now passed when Science and Religion (Faith) were 
regarded as necessarily incompatible. With the scientist's increasing knowl- 
edge of and dominance over his surroundings, he becomes, not panidoxically, 
more humble as to the Yastne.=:s of his ignorance and the limitations of the 
scientific method. It is not so difficult, then, for him to recognize tiiat we 
must continue to live in the midst of the unproved and the improvable; and 
that jihilosophy and the various sciences, all necessarily proceeding liy their 
own .special methods, must work together as best they can to preserve man 
as a complete microcosm proper!}' adapted to the macrocosm of our universe. 
Such are some of the thoughts evoked by perusal of these essays, and what 
could be more important for the .solution of our pre.=cnt problems? One 
naturally finds some heavy going in unfamiliar fields, but there is also much 
valuable description of achievement as well ns rational considerations (if 
man's relation to science that arc aimed to lead the way toward returning 
science to the service of man. E. K. 


Psychological Effects of War on Citizen and Soldier. By K- B- 
Gillespie, M.D., Physician for P.sycholopeal Medicine, Guy’s Ifo-pit-ah 
Ixmdon; Wing-Commander, Royal Air I'orce, \’oluntecr Reserve. Pp- 
2.il. New York; W. W. Norton, 1942. Price, .?2.7o. 

This is another volume to add to the growing library on psycho-wn.'iti'' 
medicine and e.an be read with profit by any physician who .appreciate-- thi- 
rajiidly e.vpanding field of medicine. (Quoting the author, “The Iksik con- 
cerns itself with general iirinciples and the issues that are rai-ed by 
occurrence of another world eatacly.sin, and refers esiH-cially to psychologKal 
asiiocts of its causation and to the nuestion of what can la; done to 
in some fundamental fashion its reiH-tition. This is largely a p-vchologicai 
jiroblein and the exiierience of war itself, as it impinges on a v-bole ncii- 
munity as this one does in a way never before known, not only filb 
in our sociological p.ast on wbat hnpjiens in jieacetime, but i- reFv.ant m 
the advice that i^-yebologists may give for the plamimg of the km< 
world that is to emerge after tiic war." The first half of the Ikxik di-c!.’--' * 
the changing concepts, ron.stitiitiorial and .social faetora in j>'yr!i()ne'jr''j-s- 
The second [xirtion discus-es psyehoneuro-e-- among civilians and n.'-rr. 
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of the fighting forces. Both halves are replete with examples and quotations 
from well-known men in the field. 

The opening sentences of Chapter IV are of particularly interest; they 
express a general trend that runs through the book; “It can be said at 
once that one of the most striking things about the effects of the war on the 
civilian population has been the relative rarity of pathological rnental dis- 
turbances among the civilians exposed to air raids. Guy’s Hospital, which 
is situated in Southwark, is in the middle of one of the most frequently 
bombed areas of London, and in the midst of a large population area of the 
poorer classes. Yet the psychiatric out-patient departrnent rvhich still 
functions there records very few cases of neuroses attributable to war 
conditions.” B- B. 


Family Nutrition. A Monograph by Philadelphia Child Health Society. 

Pp. 106; 30 illustrations, 22 tables. Philadelphia, 1942. Price, free upon 

request. 

This monograph covers acceptably the principles of modern nutrition 
and presents them in a form that will furnish to the teachers, social service 
workers, adult group workers, civic leaders, etc., for whom it is principally 
intended, information that they in turn can pass on to larger groups in 
schools and in the community. 

It includes discussion of food requirements, the function of food, and the 
essentials furnished by different groups of foodstuffs. It is well illustrated 
and contains a number of sample menus for weU-balanced meals, at various 
age levels. E. W. 


Endocrinology: Clinical Application and Treatment. By August A. 
Werner, M.D., F.A.C.P., Assistant Professor of Internal Medicine, St. 
Louis University School of Medicine; Associate Physician, St. Mary’s 
Group of Hospitals; Physician, Endocrine Clinic, Desloge Hospital and 
the Missouri State Hospital No. 4, Farmington, Mo. Second Edition. 
Pp. 924; 327 illustrations, 1 colored plate. Philadelphia, Lea & Febiger, 
1942. Price, SlO.OO. 

The first chapter reviews the autonomic nervous system, pointing out 
the importance of ner\mus as well as endocrine regulations in the body and 
noting the growing knowledge of neurohumoral relationships. This is fol- 
lowed by minor chapters on calorimetry, the glands in general and known 
and postulated hormones. In the section on the pituitary there are well- 
chosen tables and photographs showing osseous development from birth 
to maturity, age-height-weight tables, simple body measurements and body 
t 3 'pes. The author’s classification of body types merges into descriptions 
of pituitary disorders. Here begin some of the 86 case histories, which 
throughout the book, serve to “highlight” the general description and 
enlarge its value as a diagnostic aid. Subsequent chapters present the 
gonads, lactation, the thjnoid and parathyroid glands, the adrenals, pan- 
creas, th 3 mius and pineal, and_ so on. Short chapters on the relation of 
the endocrines to the skin, hair and teeth give recognition to commonl 3 ’^ 
neglected minor aspects of this field. There is a short section on the 
diagnosis of endocrine conditions in children, in which connection the 
Reviewer notes with satisfaction the emphasis, in all parts of the book, on 
pediatric endocrinolog 3 L 

_ The presentation of treatment is generally sound and concrete, in par- 
ticular that on the care of adrenal insufficienc 3 ’', and the menopausal s^m- 
drome. The author’s work on involutional melancholia is well summarized. 

There are occasional lapses from the general quality of this work. For 
example, in the preface the statement, “Asa result of our present knowledge 
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of the functions of the ductless glands, the terms: neurasthenia, hypo- 
chondria and nen-ous breakdown are becoming obsolete” seems over- 
optimistic. The conclusion that testosterone relieves 50% to 70% of 
patients with prostatism is not supjjorted by pathologic obsciration anti 
would be unwarranted from the clinical data cited by the author on the 
preceding page. In the treatment of gonorrheal vaginitis in children, no 
mention is made of the use of sulfonamides which many prefer to estroscii'. 
There is no mention of the recent studies on urinan* ketosteroids wliicli 
merit recognition in such a te.xt, if only as the latest means of investigation. 

The Reviewer concludes that there is no textbook of endocrinologj- com- 
parable to the classic texts of iledicine, but that nevertheless he will 
frequently refer to Dr. Wenier’s book. It should be a distinct addition to 
the practitioner’s libran', F. b. 


The Structure of Protoplasm. A Monograph of the American Society 
of Plant Physiolopsts. Edited by Wilu.am Seifriz, Pp. 2S.3; 74 illii-- 
trations, 1 portrait. Ames, Iowa: The Iowa State College Pra<s, 1!14‘2. 
Price, .?.T00. 

This monograph is the printed record of a symposium on the Structure 
of Protoplasm presented under the auspices of the American Society of 
Plant Physiologists at Philadelphia on December ,30, 1940, and is the first 
in what is planned to be a series of monographs published by this Society. 

The volume deals with the modem concepts of the physical and chemical 
structure and properties of protoplasm, consisting of the followinc ten 
treatises: iMicroseopic Structure of the Cell Wall; Proteins and Proto- 
plasmic Stnicture; Molecular .Stnicture in Protoplasm; Some Mechanical 
Properties of Sols and Gels and Their Relation to Protoplasmic Structure: 
Stnictural DilTerentiation of Cytopla.«m; Stnictural Differentiation of the 
N'ucleus; Protoplasmic Streaming in Relation to Gel Stnicture in the Cyto- 
plasm; Tlie Relation of the Viscosit}' Changes of Protoplasm to Ameboid 
I>ocomotion and Cell Division; Phy.rical Aspects of Protop1a.«inic Stream- 
ing; Some Physical Properties of Protoplasm and Their Bearing on Stnicture. 

A .supplement containing communications from Kurt II. Meyer of the 
University of Geneva and W. T. Astbury of the University of Ixcib. deal- 
with the chemical stnicture of protoplasm and the imjrortancc of elongate*! 
and folded pob'jieptide chains in inologic structure. 

The book presents a fresh modern portrayal of protoplasmic stnictnp 
and behavior and should jirovc of value to all workers and studpnt< m 
iiiolng}'. lb C . 


Time .ant> the Phy.«kt.an. The AuToninGR,Ai‘HY of Lewei.i.v.s F. B-U:- 
KER. P{>. .3-39; frontispiece, 7 illiistnition-. First Edition. New'Vorfc: 
(t. P. Putnam’s Sons, 1942. Price, .S-3..30. 

Details of the life of as able and versatile a man ns Dr. Barker v.ould 
necessarily be of interest on their own account; they are esjK-cially so wlwn 
they hapiKUi to lie intenvoven with an important jdi.ase of imsiicai d'wcl'i;*- 
ment in thi- country and with a school and ho-pifal that, thouch ht‘‘ 
arriv.als. played such an inqiortant part in this development, _ Many '.' s.i 
n.aturally turn first, therforc, to the early day-- of Uie Hojikin- 
f^cliool, and to (he con-ideralion of the ‘full time” ba-is of cbni-ni 

parlnients. _ . , , , , r-i •. 

In in an afldre— to ,-oine Hojikins ahimiti. Barker, ttien .at v 
deveii)j)ed an i'ie.a th.at ‘‘M.all h.ad told me" that the hem!' of clinic.'*-! ‘.''’i' 
ments sb.ouM I**' civen salarie- larce enouch to devote a!! (heir ■” 
te;whing and inve-ti'Zntion frxsai fnnn the di-traetiou' of jirivate pri'-’i * 



BOOK RE^^EWS AND NOTICES 


289 


Unfortunatelj^ however, when this procedure was put into effect at Hopkins 
in 1914, Barker, who had been head of the Department of Medicine there 
since 1905, was prevented by circumstances from being the first to apply 
the theory. In fact, like his successor, Janeway, and like Osier, he seems 
in his riper years to have modified considerably his views about the need 
for full time clinical teachers in all circumstances and localities. 

In addition to the Hopkins sidelights, one reads with interest, in this 
entertaining work, of the author’s Quaker childhood in Canada, of his Pro- 
fessorship of Anatomy at the University of Chicago, of the Commission to 
the Philippines, of plague studies in India and San Francisco, of advisory 
l^oards, committees, lectureships, memberships, honors, private practice, 
and the many items about which “it is given to only one man in a million 
to be really self-revelatory” (Jos. Collins). ^Vhen one also considers how 
difficult it is, as Thales said, “To know one’s self,” the obstacles in the way 
of great autobiographies are obviously by no means insignificant. 


The Hat in Labouatorv Investigation. By John Q. Griffith, Jr., 
M.D., and Edmond J. Farris, Ph.D. First Edition. Pp. 488; 178 
illustrations. New York: J. B. Lippincott, 1942. Price, S7.50. 

This is a very useful book for all who are engaged in work using the rat. 
Thirty authors supply valuable information, derived from their onm ex- 
perience, as well as data compiled from the literature. Many simple, 
effective diagrams complement photographic iUustrations. 

Subjects covered include anatomy and physiology; methods of housing; 
diet and metabolism; technique for various physiologic methods and surgi- 
cal procedures; useful tables of drug dosage; spontaneous lesions, including 
parasites, infections and tumors; special methods for studj^ of the nervous 
system. A section on pathologic changes in the teeth under experimental 
conditions is particularly interesting, because it is written by those trained 
in dentistry, has many excellent illustrations, and includes data obtained 
from dental publications not often consulted by the usual investigation. 
Data on endocrine aspects are quite brief and scattered and not as fully 
illustrated as other features. 

This book is a real contribution in making easil}’' accessible much useful 
information for laboratory Avorkers. I. Z. 


A Sympo.sium on Respiratory Enzatues. First Edition. Pp. 281; several 
illustrations. Madison, Wis.: The University of Wisconsin Press, 
1942. Price, S3.00. 

So.ME thirty years ago Avhen Casimir Funk coined the word “Autamin” 
to denote certain essential food constituents the entire knoAA'ledge of their 
chemical constitution could be summed up by an oversimplification in the 
Avord “amine.” Today the chemistry of the Autamins roams OA’^er the 
entire field of organic chemistry and besides the “amines” of the B complex, 
such as jiyridines, pyrimidines, thiazoles, alloxazines and nicotinamide, 
includes such diverse organic stnicturcs as ascorbic acid, polyene alcohols 
(A), sterols (D) and chromanes (E). 

Alongside of the groAvth of our clinical knoAA'ledge of Autamins and their 
organic structure, there developed the field of the resjAiratorA^ enzjTues 
which concerned itself intimate^' Avith the chemistrj' of the intermediar}’' 
metabolism of tissues. The discoA'erA' that essential constituents of these 
systems— co-enzATues—Averc in many instances identical Avith or closely 
related to the vitamins brought together these initially independent fieldi 



290 


BOOK REVIEWS AND NOTICES 


This fusion was fittingly celebrated in tlie autumn of 1941 bv a combined 
sjTnposium on “Respiratoiy Enzjmes” and the “Vitamins” at the Universi- 
ties of Wisconsin and Chicago. Each of 3 days’ duration, they were attended 
by some hundred biochemists, physiologists and clinicians. 

The book under review contains the papers delivered at Wisconsin which 
formed the chemical background for the subsequent vitamin s>nnj)Osiuni 
at Chicago. It illustrates how an independent rapidly growing basic science 
will contribute significant knowledge and help to a field of clinical medicine 
initially ■sviio!l 3 ' unrelated. 

The sj-mposium includes discussions by the world’s leading experts in 
the field and brings the subject of the respiratory enzjTiies up to the last 
minute in 1941. A broad interpretation of certain significant chapters b 
in place here. “ Intermediate Carbohj-drate Metabolism ” (Otto Meyerhof) 
reviews the currentty accepted views on the subject of carbolydrate break- 
down in tissues. “Oxidative Mechanisms in Animal Ti.«sues” (Eric Ball) 
treats in a general waj’ the chemical means bj’ which foodstulTs are oxidized 
and made to jdeld their energy. The subsjTnposium on “H 3 ’drogcn Tr.an.*^- 
jjort” treats of the physico-chemical means bv’ wliich hydrogen from the 
foodstulTs passes down the metabolic stream to its final combination with 
oxv'gen. The “Pasteur Effect” (Fritz Lipmann) discusses the chemhtra' 
of the aerobic and anaerobic metabolism of tissues. The discns.'ion of 


“Nicotinamide” (Fritz Schlenk) shows how this import.ant substance fits 
into the general scheme of metabolic co-enz 3 Tnes. “Flavoproteins” (T. R. 
Hogness) gives the chemical background of the yellow enz 3 'mcs and the 
related ribofla\‘ins. “Phosphor 3 'lations of Carbolmlratcs” (Carl _Cori) 
again illustrates how an understanding of this fundamental mechani.»m !■= 
neccssar}' for any comprehension of carbolydratc metaboli.«m. “Metabolic 
Cycles” (E. A. Evans) gives the relations to tissue mct.abolism of the 
catal 3 'tic action of the 4 carbon dicarboxvdic acids and of citric acid. _ These 
catalytic “c 3 'cles” have since projected themselves into discu.^sions of 
cardiac embolism and aviation medicine. “Tumor Respiration” reviews 
the pre.sent .status of this important subject. In the subsvnnpo.-^ium on 
“Bacterial Respiration” is brought home again how ftmd.amental under- 
standing of bacterial metabolism p.a-ves the wa 3 ' for chcmotherap3'. 

For the expert reader versed in chemistry and metabolii^ the liook i- 
unstintingh* recommended. The general render, unless he wishes to impo-e 
upon himself some weeks of arduous reading, must await the popular 
epitomization— still to be written— of this fascinating field. V- 


IsTKILNATIOXAI/ JoUHN'.VI, of Sk.X-EcONOMY and OliOONE-RF..SK.V!WII. 
Oflieial Organ of the International In.stitutc for Sex-Econnrn\' and Orgmie- 
Research. Director: WruiKiAi REicn, M.D. Vol. I, No. 1. Editor: 
Tueodoue P. Woi.fe, M.D. New York: Orgone Institute Pre.-s, lu!-- 
Price, S'} a v’ear; single cojries, ,?!.2d. 

The purjKise of this .lourii.al is given ns the publication of inaterial relating 
to the theory and practice of sexH'Conornx’ and to sex-cconornic exfK’nmciuai 
investiirafion in biologr- and biofdysics. }^ex~economy is rlefincri a- a 
scientific theorv' of .^exualitx' in its biolouic, sociologic and rncdical a-iwet-. 
This is a laudable aim for a new journal and in spit'* of the cryjitw 
of the tenn “omone-rc'carch.” one naturalh’ wi-hes t<i know more a- 
to “how it is to be appliwl." It is not encounmini:, e.-jwcially to tho'^’ n“- 
familiar with the work of the jiatron of this new develo!>mcnt, 

Reich. M.I)., to rm-et such jiiiniTS as ••character-annlytic vesetotiwrany, ^ 
“semin.al sta-is” (areoimtint:, i.r., without further evidence for 
fire<l inflammatory ni.ass in the epididvonjs); "plea-ure i- funcSi-i::’'.. • 
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identical with a parasympatheticotonic plasma current in the direction of 
the periphery.” One may reasonably object to the recommendation to 
practise masturbation in order to “achieve relaxation of the genital appa- 
ratus”; and to the recurrent emphasis on Reich's masterpiece, “Die Funk- 
tion des Orgasmus.” Semantophiles, I fear, will search our dictionaries 
in vain for the meaning of “Orgone” (see p. 9 of Vol. I); fortunately, the 
special meaning to be attached to “sex-economy” has been furnished by 
the Editor. 

Though first impressions are not favorable, one should perhaps reserve 
judgment on this pioneer venture, now settled in New York after having 
been chased about Europe by the Nazis. E. K. 


Urology in War. By Charles Y. Bidgood, Chief Urologist, U. S. Naval 

Hospital, Washington, D. C. Pp. 76; illustrations. Baltimore, Williams 

& Wilkins Company, 1942. Price, $2.00. 

This manual is described by the Surgeon-General of the Navy in a 
Foreword as a practical guide to officers in the field or in isolated places in 
dealing with urologic emergencies. He explains further that it is intended 
especially to aid those who are not specialists in urology. That it will fulfill 
these purposes in part is undoubted, but it seems to us that surgeons lacking 
training in urology would hesitate to apply some of the operations described. 

This little book has 76 pages, the first 53 of ivhich are largely devoted 
to descriptions of the pathology, sjmiptoms and treatment of traumatic 
and inflammatory lesions of the genito-urinary tract. One gets the general 
impression that the subject matter was hastily assembled and arranged. 
The book is carelessly edited. The text contains much information that 
may be readily applied to urologic practice, but little attempt has been 
made to define measures applicable to various circumstances. Thus, under 
certain war conditions, urethral injuries rnay demand immediate cystotomy 
alone, in which event, there would be little time for study of the fascial 
jilanes of the perineum and pelvis, to detailed description of which 2 pages 
of the text are devoted. Nor does it seem to us that descriptions of the op- 
erative technique applicable to urethral strictures are particularly apropos 
to emergencies of urology in Avar. Among the few inconsistencies found is 
that dealing Avith the operative treatment of prostatic abscess; caution is 
at one time advised in the use of the urethral sound as a guide to drainage 
of such abscesses per perineum— no doubt lest the abscess be ruptured intra- 
urethrall}’-— all of Avhich is sound adr'ice, whereas in another section, the 
perfonnance of perineal prostatotomy emplojdng urethrotomy and the use 
of Young’s prostatic tractor, is advised for the treatment of such abscesses. 
The common concurrence of intra-abdominal and urinary tract injuries in 
war is justly emphasized. The section on traumatic injuries is as complete 
as could be expected, and the therapeutic measures advocated are based on 
sound surgical principles. 

There Avould seem to be little justification for the page length discussion 
of the tabetic bladder, but the subject of bladder dysfunction after acute 
cerebral spinal injuries is Avell presented b5’- Dr. Llo}^ Leivis. Dr. Tovell’s 
chapter on anesthesia is disproportionately long, but contains a good dis- 
cussion of the various anesthetic agents and tlieir use. There is ever,' 
reason to believe that comparatiA’ely feiv anesthetic agents Avill be used in 
Avar surgery. With more careful attention paid to the relative importance 
of tlie A-arious subjects together AAith their presentation in relation to their 
applicability under the A'arjdng circumstances encountered in AA'ar, the A'alue 
of this manual Avould be considerably enhanced. 


L. H. 
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Surgical Physiology. By Joseph Nash, M.D., Assistant Profc.^sor nf 
Clinical Surgerj-, Xeiv York University College of Medicine; A.^.'^ociatc 
Visiting Surgeon, Bellevue Hospital, New York City; First Lieutenant, 
Medical Corps, U. S. Army; A.s.sistant Chief of the Surgical Service, 
Lovell General Hosiiital, Fort Devens, Ma.ss. Pp. 40G; 22 tallies ami 
10 figures. Springfield, 111.: Charles C Thonia.«, 1942. ' IVico, .SO.(K). 
Tub importance of a comprehensive grasp of physiologic {mnciiiles to 
the surgeon has come more and more to be recognized in the last feiv (lecades. 
The recent reduction in mortality and morbidity in surgical patients has 
been due in large part to the application of tliesc principles in .surgical 
practice. 

Dr. Nash has chosen for this V’olume many of the physiologic subjects nf 
most interest to the surgeon and has discussed certain of tiicm in their 
relation to surgical problems. There is, however, a fair amount of material 
included that could be obtained from anj- textbook of general }ihysio!og>' 
and which is not, strictly speaking, surgical physiologj*. 

Also it would seem to the Reviewer that in a book UTitten for the gencml 
surgeon a more practical and pointed discussion of the phv'siologic asiiccts 
of anasthesia would be helpful. 

It is to be hoped that this volume, with its many references to current 
literature, will find its wav' into the libraries of those doing general surgerv-. 


The TnEiiAPEUTjc.s of Lnteilxal Diseases. Supervising Editor; Geokoi; 
A. Blumeu, M.A,, M.D.; David P, S-mith, Clinical Profc-ssor of Medi- 
cine, Yale University, Consulting Physician to the New Haven Ilosjiital; 
Associate Editor; Alheut J. Sullivan, M.D., Adjunct Clinical Professor 
of Medicine, George Washington and Georgetown Medical Schools, 
Chief Medical Officer, Gallinger Municipal Hospital, Washington, D. C. 
Five Volumes, aggregating 420S pages, with numerous illustrations. 
Now York: The D. .\ppleton-Centurv' Company, 1940, 1941. Price, 
$50.00 the set. 

Tins is a monumental work, representing as it docs a survey of therapy 
in all phases of internal medicine and also in border-line zones hetwwn 
internal medicine and certain siwcialtic-s. Space docs not permit inen- 
tioning by name the 55 contributors, yet such a recital would be sufficient 
to convince the reader of the quality of the text, for the most of them are 
well known as fruitful investigators in their respective fields. Jo arrive 
at his opinions, the Reviewer has used the volumes as a source fVir reference 
daily for several months and with highly gratifying results. He is impr^sfii 
both vvith (he excellence of the editing and the con.'-cicntiousnc.ss of the 
Editors, In spite of the broad scope of the subject matter, there is sur[in- 
ingly little duplication and there appear to he no .'■erious omissions. .■\])i>ear- 
ing early in 1910, the first volumes containeil some materia! that wa- out 
of d;ite when the la.st volume was published late in 1911. it wa-^ that 
although only 4 vohnnes had originally been iilaimwi, a fifth was 
rcjX'ating .‘-ome of the tojiics covered in the first and second, such a- t!;e 
theratieutics of the sulfonamides and of vitamins, and endocrine thenqu. 

Volume 1 beein.s with a section on genend theraiK’Uties, incliidins: tmtn- 
tion and dietetics, mwlical clim.atology, methods and uses of the varei'!- 
tvjx-s of jiliysiotherajiy and of nidiothenqjy; sjy'cific .sf'nmi and 
therapy, mm— iweific shock thenijiy, baeteriophace therapy, 
therajiy. occupational tlierajiy, p-ychiatric treatment. The recond 
de;ds with S[v>cific thenijwutic teehnitiues, .such a- ond. rect.al, and '•ar-"’-' 
methiHis of parenteni! therapy, tnm-fusion. spinal puncture ami 
te-i-. Volume If include- :i section on the phannacohtzv' and tovjco.v 
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of the more important drugs, and a section on the general care of the 
patient during illness and in convalescence. The major part of the volume 
is devoted to the treatment of infectious diseases. Volume III continues 
with the treatment of infections and the diseases produced by fungi, metazoa 
and protozoa, by poisons, by physical agents; the treatment of derange- 
ments in Avater and electrolyte balance; pre- and postoperative treatment; 
the treatment of shock. Then, follow sections on the treatment of diseases 
of the lower respiratory tract, of diseases of the blood and lymph vessels, 
and of heart disease and heart failure. Volume IV contains sections on the 
treatment of diseases of the gastro-intestinal tract, the liver, pancreas and 
peritoneum; the genito-urinary tract; nephritis; diseases peculiar to women; 
the blood-forming organs and the locomotor system. In Volume V are 
considered the treatment of diseases of the nervous system and of specific 
psychiatric disturbances; diseases of metabolism, diseases due to allergy; 
the common skin diseases treatable by the general practitioner. There are 
also sections in chemotherapj', endocrine and vitamin therapy, bringing up- 
to-date the material of earlier volumes. Each volume contains an index 
and in addition in Volume V there is a very thorough and satisfactory 
general index. 

The wide range of subjects covered, the excellent balance in proportion 
and emphasis, and above all the generally high quality of the material 
combine to make this work an outstanding addition to medical literature. 
Its advantages for all physicians as a readily available source of reference 
are obvious. Its chief and unavoidable disadvantage from the standpoint 
of the young doctor is the cost. Hospitals would both help and be helped 
if they were to include this set in their libraries for collateral reading by 
internes and junior staff members. From every angle the work is heartily 
recommended. R. K. 


From Witchcraft to Chemotherapy. The Linacre Lecture, 1941. By 
Sir Walter Langdon-Broavn, Emeritus Professor of Physic and Fellow 
of Corpus Christ! College in the Universit}’’ of Cambridge. Pp. 60. 
Cambridge University Press. New York; The Macmillan Company, 
1941. Price, .^.60. 

This entertaining essaj^, after a graceful tribute to Linacre and St. 
JohiVs College, Cambridge, as illustrations of the beneficent influence of 
tradition, proceeds to trace “the origin of witchcraft from primitive religion 
and the jiart it played in the evolution of remedies.” Up through the local 
deities of tree and fountain to the gods of Egypt and Olympus, the “little 
])Cople” and the witches of more recent times, the story leads to the nine- 
teenth century development of modern therapeutics, in the last decade of 
which, for instance, “the first endocrine was given, the first antitoxin 
injected, Avhile .r-rays and radium Avere discovered.” In the present 
century the development of the Autamins and of chemotherapy, exemplified 
by the arscnicals and the sulfonamides, brings the story up-to-date. 

E. K 


The Medical Clinics of North America, Vol. 26, No. 3, May, 1942. 

Symposium on Gastro-intestinal Diseases. Ncaa- York Number. Pp. 

330; 32 illustrations. Pliiladelphia: W. B. Saunders Conqiany, 1942. 

This A'olume iiresents a good r&um4 of jiresent-day concepts of the etiol- 
ogj’, tlie clinical and laboratorj’- diagnosis and the management of many 
gastro-intestinal disorders. The problems of peptic ulcer, simple and com- 
plicated, including detailed therajieutic measures, are thoroughly reA'icAAed. 
Gastritis, gastro-intestinal allergA’, chronic constipation and diarrhea, spas- 
tic colon, tuberculosis of the alimentary tract, the common digestiA’e dis- 
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turbances of infants and children, primarj* carcinoma of the liver, traction 
diverticulum of the esophagus and rectocolonic lesions are ably prcscntcfl 
from the clinician's viewpoint. The role of gastroscopy in modern mc<licinc 
is outlined. _ The differential diagnosis of the acute abdomen is discnssod. 
A short section on the office treatment of hemorrhoids and a timeh' presen- 
tation of the psychosomatic manifestations of gastro-intcstinal disorders, 
together with general principles of treatment, are included. The patliologie 
physiologj'' of the gall bladder and bile ducts is considered, together with 
some general procedures helpful in the hygiene of the biliarj' tract. A sec- 
tion dealing with the more important laboratory' aids in the diagnosis of 
gastro-intcstinal disorders brings one up to date on the clinical uscfulnc.-s 
of these procedures. 

In addition to the sections on the various digestive disorders, recent 
advances in certain miscellaneous fields are presented. These include dis- 
cussions of the sj'ndrome of coronary insufficiency, an interesting presenta- 
tion of the clinical features of cardiac aneurysm, recent developments in 
digitalis therapy', especially witli reference to the use of the individual 
cardiac glycosicies, the diagnostic use of lluoresein in certain circulatory 
problems, and lastly', the nature, metabolism and physiology of vitamin A, 
together with a consideration of the diagno.stic tests and the clinical mani- 
festations of %'itamin A deficiency. d. N- 


M,\n'.\ge.ment of the Sick and Chied. By La.vglev PoitTEi!, 

n.S., AI.D., Af.R.C.S. (Eng.), L.R.C.P. (Lond.), Dean Emeritus and 
Professor of Medicine, University' of California Medical School; and 
WjLn.KME. Carter, AI.D., Director of University of California Ilo.spita), 
Out-Patient Department. Pp. 977; 95 figures. Sixth Revised Edition. 
St. Louis, C. V. Mosby’ Company*, 1942. Price, .?11,50. 

Tins reference book dcscrilies in full up-to-date detail the symptom' 
and therapy of tlie almost countlc.s.s diseases and disorders which c.in 
affect the infant and child. All practitioners who deal with ehildrcti will 
find a store of useful information here, discussing topics such as vomitinc, 
diarrhea, nutrition, hemorrhage, prematurity', disc.ascs of the various sys- 
tems of the body', prescriptions, laboratory tests, and mcthod.s of perfonn- 
ing scores of nursing manipulations and diagjiostic niatieuvers. Etiology 
and patliogcne.-^is are not .stressed. The indc.x, im[)ortant in a volume of thi' 
kind, i.s complete and adequate. The illu.sfrations are numerous .nml well 
chosen. The fact that this liook is now in its sixtli edition .since fir.-t puli- 
lished in 1922 sjreaks clo{|uentIy for its jurpuhirity with the jaoff^sioii. 


A Study or the Bi,ood is Canceii, With Sjrecial Reference to the NcM- 
of the Tumor Clinic. By O. CAMEitos CiUunefi, M.D. (Lond.). I !’■ 
100; fully illustrated, including graphs and colored drawings, yiontrcal. 
Renmif Publishing Company, 1942. Price, 15'. 

The aim of this monograjrh, pubiishc<l under the auspices of the Archil' d'* 
Cancer rnnd, is to present the blood changes fmmd in cancer ca'Cs and " 



lif' AMJl ju I ur \ ^ 

for cancer. Thouch the cannot accept niany ri. tli'* 

lions drawn (f.g., that ‘■cancer i- mod certainly not present tf . , ■ • ■ ■ 
neutrojrhil count i- over SO',' "i, or even th.at a sp-cird inttrrn for o;,' 
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blood can be demonstrated, he finds much of value in the observations 
presented by the author who has had great experience in these matters. 
We believe that this monograph demands serious study bj’’ all students of 
cancer. 


NEW BOOKS 

History of the School of Nursing of the Presbyterian Hospital, New York, 
1892-1942. By Eleanor Lee, A.B., R.N., Assistant Professor of 
Nursing, Department of Nursing, College of Physicians and Surgeons, 
ColumWa University; Instructor in History of Nursing; Chairman of 
the Education Committee of the Alumnae Association of the School of 
Nursing of the Presbyterian Hospital. Pp. 286; illustrations, over 50. 
New York; C. P. Putnam’s Sons, 1942. Price, $3.50. 

The Modern Attack on Tuberculosis. By Henry D. Chadruck, M.D_., 
Superintendent of Westfield State Sanatorium, 1909-29; Tuberculosis 
Controller of the City of Detroit, 1929-33; Commissioner of Public 
Health of the Commonwealth of Massachusetts, 1933-38; Medical 
Director of Middlesex Tuberculosis Sanatorium, 1938-41; and Alton S. 
Pope, M.D., Chief, Bureau of Communicable Diseases, Department of 
Health, Chicago, 1926-29; Deputy Commissioner of Public Health and 
Director of the Division of Tuberculosis, Commonwealth of Massa- 
chusetts. Pp. 95; tables, 8. New York: The Commonwealth Fund, 
1942. Price, 81.00. 

Clinical Cardiology. With Special Reference to Bedside Diagnosis. By 
William Dressler, M.D., Attending Cardiologist, Israel Zion Hospital; 
Assistant Attending Physician, Brooklyn Hospital, New York. Pp. 692; 
illustrations, 108. New York; Paul B. Hoeber, Inc,, 1942. Price, $7.50. 

The Prevention of Deformity in Childhood. By Richard Beverly Raney, 
B.A., M.D., Associate in Orthopiedic Surgery, Duke University School 
of Medicine, Durham, N. C.; Attending Orthopsedic Surgeon, Watts 
Hospital, Durham, N. C. In collaboration vdth Alfred Ria^s Shands, 
Jr., B.A., M.D., Medical Director, Alfred I. DuPont Institute of The 
Nemours Foundation, Wihnington, Del.; Visiting Professor of Ortho- 
pajdic Surgerj'^, University of Pennsylvania School of Medicine, Phila- 
delphia, Pa. Pp. 188; illustrated by Jack Wilson; 88 illustrations. 
Published and Distributed by National Society for Crippled Children in 
the United States of America, Elyria, Ohio, 1941. Price, Sl.OO. 

This little book was written as a primer for medical social workers and public 
health nurses who usually are the first to come in contact wdth crippling disease. 
It should also bo of considerable value to the general practitioner who is vuthout 
siDccial training in orthopedics. The material is well presented in a manner that 
can bo readily understood. The prevention of many crippling diseases is stressed 
in a manner that should be of interest to workers in preventive medicine. The 
illustrations are semi-diagramm.atic and present the various crippling diseases in 
a clear manner. D. A. 

The Ophthalmic Formidary. Compiled by G. Griffin Lewis, M.D., 
F.A.C.S., Oculist to the Grouse-Indng Hospital, SjTacuse. Containing 
the favorite prescriptions of prominent oculists from all parts of the 
world. Pp. 167. Springfield, 111.: Charles C Thomas, 1942. Price, 
$3.50. 

This is a worthless book, unless one is interested in a compilation of favorite 
prescriptions by the older generation of ophthalmologists. F. A. 
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NEW EDITIONS 

.•1 Tcxlbook of Histology. By ALEx.\XDEn A. Maximow, Late ProfcA-^or of 
Anatomy, University of Chicago, and William Bloom, Professor of 
Anatomy, University of Chicago. Pp. 695; illustrations, 502. some in 
color. Fourth Edition. PJiiiadelphia; W. B. Saunders Coinpanv, 1942. 
Price, .$7.00. 

That the phrase “as dead as morphology'." so frctnicntl.v on the lii )3 of the 
modern investigators of the cell, is unwarranted will be recognirecl after even a 
cursory inspection of this book. The advances made in histologj- durine the p.a.st 
few years are epitomized in the excellent bibliographies appended to each chapter. 
As noted in the preface, revision was most extensive in those sections dealing with 
bone, nerve, spleen, and female generative system, and the ej'O. Xew figurc.s h.ave 
been added, particularly 9 photomicrographs. Perliaps in Inter editions the num- 
bers of the latter may be increased at the e.xpense of the drawings, for in the 
te.ttbooks of pathologj' as welt as in medical literature gencrall.v, photomicroemphs 
.are used almost e.xelusiycly. The student should learn, from his textbook, how to 
interpret the normal histologie photograph. The quality of the paper and print 
is excellent. If. it;. 

Handbook of Hygiene. By Joseph W. Biggeu, M.D., Sc.D., I'.R.C.P.T.. 
M.R.C.P. (Loxd.), D.P.H., M.R.I.A., Professror of Bacteriology and 
Preventive Medicine, University of Dublin; Lieutenant-Colonel, Roy.al 
Anny Medical Coqis. Pp. 414; figttres, 13. Second Edition. Balti- 
more; The Williams & Wilkins Company, 1941. Price, .$4.50. 

The contents of this book are subdivided into 25 chapters. The first, Vit.al 
Statistics; a brief consideration of the technique of reporting and evalnajing 
population records, is followed by 12 chapters all of which dc.al with infectious 
di.scases and the organisms involved. Then follow 6 chapters which may ly 
grouped together ns a section on "Environmental n.vgicnc" — Water. Foo<l. .Vir 
and Ventilation, Disposal of Waste, and Environment being discu.'seil. The 
headings of the remaining 0 chapters arc Occupational Hygiene, Poi.sonous Gases, 
^Iatcrnity Infant and Child Hygiene. Persona! Hygiene, The .Assos.^ment of Xnr- 
mal Ile.alth and the General Practitioner and the Public Health .Service. Thy Umk 
is intended for medical students but should be equall.v \iscful to practitioners. 
It is well written, and adequate for its purposes. One must rcmemlicr. hoivever. 
that it i.s intended for use in Great Britain. .V bit of translating wouhl aid lnc.il 
understanding. H. R. 

Synopsis of Materia Mcdiea, Toxicology and Pharmacology for Students and 
Practitioners of Medicine. By Fouest R.\mon D.wipox, B.A., M.$c., 
Pn.D., M.B., Metlical Dep.^rtmont, The Upjohn Comp-uny, Knlnmazw, 
Mich.; Fonuerly Assistant Professor of Ph.anuacolog}' in the School of 
Medicine, University of Arkans.'i.s, Little Rock, Ark. Pp. 095; illu'^tni- 
tion.s, 45 (4 in color). , Second Edition, St. Lmii.s: C. V. Moshy Company, 
1942. 

Th(‘ autJior ha.s rcvi«e<i iintl Ijrouclit thi'i textliook It i« nmirnto. 

and rnn bo reroninioiidod t« tbe prartisiiiK jibysirian. It rontnjn^ tv 
chapter on preseriptioji writiiic nntl praelien! pri\*rrii>tif)n.s are civen throiiKteuil 
the text. The i>ook oonlains the epsenlial artion.**, iiml toxic mntiih’ManDii'* 
of nU u?efnl 

Aid.s In Physiology. By IIenuy Duvei!KE, Ph.D., M.R.C.S., L.H.C.P. 
(I.o.vD.), F.U..S.C., Profc.'.sor of Plnv-iolog}’, Royal (Dick) Veterin.iry 
College; Igito lAX'tnrer in Piiy.siology, University of Edinhnrgh; Lx.aiit- 
iner in I’hysiologx' for Royal College tif Surgeons, Edinhurgh. rnivcr.-ity 
of Cila.-^gow ;vnd Piiannaceutic.al Society of Cireat Britaiii. Pp- 
63 figures, several tables. Third Edition. London: Baillii're, riridrdi 
A Cox, 1942. Price, .$1..50, 

Tbi' j.ocki-t ririii jihysiolegi' ii intvndiil as a crincpc epitome of th" s'lb;''’ ’ h r 
n>f. !>y ctudenti as an adjunct to the I.irger atandaei texti and r.- a ■■r,'lr> 'h>T ■' r 
js>'tgr.iduate« and other*. It sitrc«*l* .admirably in condenHinc phy'ueog.t^ iri t' " 
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BACTERIOLOGIC ASPECTS OF THE PREVENTION OF 

INFECTION. 

Wound infection would not occur if bacteria could be kept out of 
wounds. Therefore, for the sake of directness and clarity, it has been 
elected to confine this review to the bacteriologic aspects of the problem, 
namely, measures to keep bacteria out of wounds, and measures to 
remove or kill them should they succeed in entering a wound. 

The means by which bacteria may enter a surgical wound are rela- 
tively few. Barring faults in technique, contaminating organisms come 
from the air; the skin of the surgeon, the dresser or the patient; and 
from surgical materials. 

Air. A mass of recent work has conclusively shown that air may 
act as a vehicle for transmitting virulent bacteria considerable distances. 
The recovery of pathogenic bacteria from the air of hospital wards and 
operating rooms is direct evidence of this.^’’’’®'^®’'^ The decreased inci- 
dence of wound infection, and of cross-infection in schools, contagious 
wards and surgical wards when steps are taken to lower the bacterial 
content of the air may be taken as indirect evidence.-'®’^®'^”’^^’®®'®* 

The control of air-borne infection depends upon the answers to the 
following questions: 1, What are the sources of pathogenic bacteria 
found in the air of hospitals? 2, Can the aerial spread of these bacteria 
be prevented by controlling them at their sources? 3, If the bacteria 
cannot be so controlled, what can be done once they are in the air to 
keep them out of wounds? 

Source.'!. Two primary sources contribute pathogenic bacteria to 
hospital air. These are: first, patients with respiratory infections and 
nasopharyngeal carriers of ^^rulent organisms; and, second, patients 
suft'ering from infections such as ciirbuncle, empyema, diphtheria, and 
lung abscess. 
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IndiWduals expel droplets of saliva upon talking, coughing, or sncez- 
ing. By this means pathogenic bacteria escape from carriers and 
patients suffering from respiratory infections. In the past, cmphasi'! 
has been plaeed upon large droplets which travel only short distances’^ '’ 
and were thought to spread bacteria only 0 to lO feet. There is no 
doubt that these droplets are an important cause of infection when a 
surgeon or a dresser talks directly over an open wotind.’^ Mclemn- 
and Stevens^ and Walker*- are among many workers who feel they 
have traced wound infections to this source. 

Recently, however, Wells and his collaborators** *®'*'*^''“ have pre- 
sented evidence which has revolutionized the concepts of air-home 
disease. These workers ha^’e shoum that wlien an individual coughs 
or sneezes, he expels not only large droplets which becan.se of their 
weight fall quickly to the ground and have only a limited direct range 
of infectivity, but also smaller droplets which have different charac- 
teristics.**'-*^ *'’ When a droplet is expelled into the air, it falls toward 
the ground with varying speed, depending upon its size and .spcehic 
fmavity, the presence or absence of air currents, the relative humidity 
and the speed of ejection. ^lany small droplets evaporate before rc.'icli- 
ingtlie ground and iiecome tiny buoyant nuclei of particulate matter— 
the droplet nuclei. Their mass is so small in proportion to their .surface 
area that they do not gravitate to the ground but remain .suspended 
in the air and are wafted about for indefinite periods of time. Tiiesc 
droplet nuclei are capable of traveling great distances. Wells ami 
Weiis™ inoculated tiie humidifying water of a one-room air-conditioner 
in the basement of the Harvard School of Public Health udth Efchrrirliin 


roli. The building was not mechanically ventilated, but the investi- 
gators were aiile to recover Eitchrrichin coli, presumably some of 
tho.se inoculated, from the ends of every corridor up to the top floor 
of the three-story i)uilding where the concentration reached approxi- 
mately 1 % of that in the air-conditioned room. These observers have 
also tleterinincd the disappearance rates for 10 organi.sms which were 
introduced into the air by an atomizer.*’ Since Sinph. uun a.'i and 
SIrrp. hrvinlt/tiru.i are the chief offenders in surgical wound infection-, 
it is of consideral)Ie interest to note that they surxdved 3 and 2 day.- ' 
r^pectively. 

It is aitparent, then, that both .sick people and healthy nasopharyngeal 
carriers of jiathogenic organism.s discharge virulent bacteria in largi' 
droplets of .saliva tind in small one.s wbich become droplet nuclei. I la- 
large droplets may fall directly into a wound or may f.-dl ujkui beddin;:. 
floors, taidc.s, and so forth, and after tlrying be xvafted about ns dn-t. 
Tbc droplet nuclei remain in the air indefinitely and arc inhale<l le. 
j)ati<-nt.s, mirsc-s. doctors, orderlies and visitors. 

The se<-ond source of bacteria xvbieh :ir(' transported through the air 
is inft-cted iliscbarges of patients such as lochia, })us from dniiniiii; 
wounds, feecs from colostomies, and ulcerating cancers. Only a iiai'-’' 
itulividual could hclicvc that these .septic materials stay cfiufined to th*- 
inner layer of drcs-ings. It is r|nifc obvious to anyone who has had 
bo-pital c.x[M-ncncc tliat dn-s.-ings bejfmu* so:ik(-d througb readily, tiw-- 
pus and fives frmpiently soil tlie biilditig aiul nm over tii<- paii'-n.*^ 
skin attd pajaina.s, \\illits and Hare'* have shown that the v-ho.' <>• 
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the contents of the bed containing a patient suffering from an infected 
wound” may harbor virulent organisms. Miles et aU^ recovered 
Strcj). liemolyticus from the outside of plaster casts of patients treated 
by the closed plaster method and from the outer surface of dressings. 
These organisms may be transmitted to other patients by hospital 
personnel, but more often by the air as particles of dust. When a bed 
is made or when dressings are done, these dried bits of exudate are sent 
flying into the air to light on other beds, dressings and open wounds. 
Van den Ende et recovered Strep, liemolyticus from the air of a 
room in which a bed was being made even though the patient was not 
in the room. White® was able to recover Strep, liemolyticus from the 
dust of rooms which had harbored parturient patients with Strep, 
hcviolyiicus infections 5 days after they had left. Furthermore, a person 
who swept such a room 5 days after the patient had vacated it developed 
a streptococcal pharyngitis. 

Contaminated dust is thrown into the air by sweeping, as shown by 
Allison and Brown^ who found the highest incidence of Strep, liemolyticus 
in the air during the hours when sweeping and bed-making were done. 
Miles et al.^^ found that the bacterial content of the air of hospital 
wards paralleled the dust content. 

Control of Sources. Can the aerial spread of these bacteria be pre- 
vented by controlling them at their sources? Those from the naso- 
pharynx may be partially but not absolutely controlled. Hirshfeld and 
Laube,^® who designed an apparatus to test the efficiency of masks in 
preventing the escape of both large droplets and droplet nuclei from the 
nose and mouth found that very few bacteria are e.xpelled by an un- 
masked person breathing quietly through either the nose or mouth. 
During talking, however, large numbers of bacteria escape, chiefly in 
large droplets. Conventional masks decrease this contamination appre- 
ciably. A masked person, however, expels more bacteria into the air 
when he talks than an unmasked one Avho remains silent. There is no 
practical mask available which will completely prevent the escape of 
bacteria from the respiratory tract of an individual who is talking, 
coughing or sneezing. Contamination from this source, then, cannot 
be completely eliminated at present. It can be greatly reduced, how- 
ever, by observing silence as much as possible and by wearing masks 
when it is necessary to talk. In the operating room, the maintenance 
of silence is practical. On the wards, this cannot be accomplished, but 
it is possible to avoid talking during dressings. 

It is more difficult to prevent contamination of the air with dust-borne 
bacteria derived from septic discharges of patients. It was noted above 
that bacteria may be recovered from bedding, the outside of plaster 
casts, the outer layers of dressings, from patients’ skin and pajamas. 
Any agitation of these articles sends organisms flying into the air only 
to alight again on other beds, on the uniforms of attendants and on the 
floor. Sweeping, bed-making and other necessary activities send them 
flying about again. 

Preventing this type of spread in the operating room requires planning 
and a thoughtful procedure. First of all, the operating room must be 
built without many corners and much fixed equipment to harbor dust. 
Second, there should be an ample supply of sterile air. Third, the 
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patient must be transferred from bis bed to the operating tal)!e. anestiie- 
tized, placed in position on the table, and covered with sterile covers in 
an anteroom. Tims his dusty, bactcria-ladencd bedding never enters 
the operating room. Fourth, the operating room staff must wear 
freshly laundered clothes. 

Preventing the spread of dust-borne infection from wound to wound 
is even more difficult on the ward. Van den Endc rf advocate oiling 
tiic floors and blankets to prevent liberation of dust when beds are 
made and floors are swept. Even with this precaution, the ward house- 
keeping should cease an hour before dressing time.“ The linen and 
blankets should be changed and laundered frequently. Furthermore, 
drc.ssings should be fione with care. The soiled dre.ssings must be 
reinovcfi with no more agitation than necessary and placed immctliately 
in a closed container to prevent the liberation of the millions of bacteria 
which they contain. A rigid dressing technique, embodying thc.se a.s 
well as many other precautions was described by iMcKissock. Wright 
and exiles.'’* These investigators felt that strict adherence to this 
technique had produced a marked decrease in cros.s-infection. 

.Hr Sfrrilizafion. It is obvious that it is not practical in the operating 
room or the war^is to carry out in sufficient detail measures that will 
prevent absolutely the escape of bacteria from the re.spiratory tract or 
from patients’ infective discharges. It has been necessary, therefore, 
to develop methods of killing bacteria suspended in the air, cither as 
droplet nuclei or as dust. 

The most widely pulflicized of these is ultraviolet light. Althougli 
the germicidal properties of ultraviolet light have been known for many 
years, it is only recently that this light has been employed to reduce 
the bacteria! popul.ation of air.*'*® Hart'® has u.sed ultraviolet light 
in his operating room at Duke Fnivensity since 103’) and he is convinced 
thiit it is rc.sponsible for a marked decrease in wound infections. Over- 
bolt and Ilett.s’' also have reported on the uses of ultraviolet light. 
There is still, however, instifficient evidence to draw definite conclusion- 
on the phice of idtraviolet light in the f)peniting room. While tlie eyi- 
lience seems to be hiirly conclusive tluit it acts by re<hieing the bacterial 
flora of the jiir, this is not certain. It is po.ssible that ultraviolet light 
kills biicteriii which have enterecl the wound from sources other than the 
air, sucli as the skin of the p;itient or the hands of the surgeon, or that 
it may act l)y making ii wouiifi more resistant to infection by virtue of 
the infiamuiiitfiry reaction which it cau.-es. Idte answers to the-e 
qm-stions will determine whether it is necessary to niditite only the 
wouml or whether the tiir of the entire room must be radiated, l-urther- 


inore. ultravkdet light is not ti harmless Jigent. Kraissl rf a/.-’ have 
shown that it produces definite inflanunatftry reaction in the tis-iies and 
that prolonged e.vfKi-ure prodi/ees gangretie of ciihivn pigs’ inte-tmT. 
More work will have to he done hefore the place of ultraviolet licht in 
operating rooms is csfablidiet!. In tiie ea-e of cfiiittiLdfnis di-<a-e w.ard- 
anil jjedi.'itrie ward-, however, there ajijiears to he evidence that it t- o, 
definite value in the ]!revention of eross-infe<-tif)n, Here. ni ". 


final ajijjnii-al inn-t await inori* evidence. 

.\ second method of reducing the hneterial content of air i- 
--tudied, bfit ha- not yet Iwen -tlffieienth' tfeveloje-d to warr.itlf V. 1'.’- 
sjiread application. iVilhit'' “ rejxirted that the liaeterial fonf>nt "! 
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the air could be reduced by spraying germicides into it in the form of 
mists. These mists consist of particles approximately 0.5 micron in 
diameter. The particles are so small that a relatively insignificant 
quantity of the germicidal agent suffices to fill a room with invisible 
mist. The particles, furthermore, remain suspended as do droplet 
nuclei and barring evaporation remain in the air for considerable time. 
Theoretically, each small droplet contains the same concentration of 
the germicidal agent as the parent solution. When such a droplet 
meets a single bacterium, it destroys it. A number of investigators, 
among whom are Twort ci Pulvertaft et Williamson and 

Gotaas'’^ and Masterman,^^ have studied aerosols in detail. While there 
is some disagreement among these workers, they have laid the founda- 
tion for further study and have shown that sterilization of the air in 
hospitals, theatres, schools, etc., with germicidal aerosols is possible 
and may soon be within the range of practical application. Certain 
facts, such as the selection of germicides, the design of apparatus for 
their atomization and the establishment of standards of concentration 
in the air remain to be established. An aerosol to be suitable for use 
must be non-toxic, and non-irritating to man, lethal in the concentration 
in which it can be used for all pathogenic bacteria which may be present 
in the air, non-odorous, invisible, non-corrosive, non-inflammable, and 
must not leave deposits or coatings on walls or furniture.®* 

At present, aerosols are used to sterilize the air of laboratories, media, 
kitchens and food storage rooms. For this purpose, they are superior 
to ultraviolet light, for they fill all nooks and cranies while ultraviolet 
light travels in straight lines and cannot affect bacteria in the shadow of 
an object. [An important article by T. N. Harris and Joseph Stokes, Jr., 
on the sterilization of air in enclosed spaces by propylene glycol vapor 
will appear in our September number.] 

Skin of the Operator. Hopeless confusion attended the efforts to 
determine the importance of the surgeon’s hands as a source of wound 
contamination until Price*® devised a simple and reliable method by 
means of which the bacteria on the skin may be counted and the 
effectiveness of various antiseptics and methods of scrubbing deter- 
mined. With this method, several very important facts have become 
evident: 

(o) Complete sterilization of the skin of the hands and forearms is 
so difficult that practical considerations render it an impossibility. 

(/;) When rubber gloves are Avorn, conditions on the skin beneath 
are markedly altered, so that the generation time of the bacteria remain- 
ing after scrubbing or Avashing A\'ith germicides is promptlj^ shortened 
to 40 to GO minutes, and the flora rapidly increase until it may exceed 
by far the normal limits. 

To reaffirm the latter fact, the author" cultured gloA^es AA'hich had 
I)een worn for A'arying lengths of time. The comparatix'e number of 
organisms depended upon the indiA’idual, the amount of perspiration 
in the glove, and the length of time it had been Avorn. The number 
recovered A-aried from 1000 to 1,000,000 per gloA’e. Thus, an enormous 
number of bacteria may escape from a torn gloA’e AA’ith a drop of sAveat. 
Torn gloves emitting droplets of bacteria-ladened sAveat are a more 
ilangertnis cause of Avound contamination than the dust and air, since 
ordinarily only 50 to GO bacteria per hour fall into a Avound from the air. 
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[The question therefore seems to be -whether the partial sterility of the 
unploved hand is a greater or less hazard than the chance of the torn 
glove.— Ed.] 

Devenish and Miles® have traced an epidemic of Sfnpli, niirrm 
wound infections to the flora of the hands of a surgeon. They invosfi- 
pited two surgeons in the same hospital wlio had a marked dilTcrence 
in their rates of postoperati^-e wound infections. Both carried a \-irt(Ic(it 
strain of hemolytic Staph, aarnts in their nasopharyn.v, hut tlie surgeon 
whose wounds became infected earned a similar strain on the hands. 
Tests showed that these organisms passed through the coarse linen 
(48 threads to the inch) sleeves of his gown, and also passed through 
holes in his gloves. Punctured gloves proved to be very conunon, 
especially in patched gloves. Batiste oversleeves plus close inspection 
and care of gloves served to prevent infections in patients operated 
upon by the surgeon bearing the virulent Staph, aurem on his hands. 
The insidiousness of glove punctures cannot be overstre.sscd, .since it 
averaged as high as 24.2 % of G5S5 gloves, and most of the })uncture.s had 
escaped the attention of the wearers. 

The link between the nasopharynx and the hands as soiirce.s of con- 
tamination is very close. It is possible that some of the wound infec- 
tions previously thought to be due to droplet spray from the nose and 
throat may have come about because the surgeon harbored on his hands 
the same organism that he carried in his throat. Price^® has shown that 
ijactcria with which the hands constantly come in contact may iwconw 
part of their permanent flora. Gillespie rt al.^^ found that 43,4 % of a 
cla.ss of medical students were nasal carriers of virulent strains of 


staphylococci, and 19,5% were skin carriers. Moreover, 12.()7ci 
29.03% of the nasal carriers, carried the pathogen both in the nose and 
on the liands. To assign the cause of an infection to droplet contamina- 
tion from the no.se and throat of the operator rin the air, one nnist first 
rule out the po.s.sibility of contamination from tlic skin of the operator 
by looking for the same organism.s on his hand.s and looking for pnneturts 
in his glove. Just what proportion of infections is due to air contamina- 
tion and what to the transmission from the skin of the operators remains 


to be proven. If punctured glove.s should be .shown to be the wor'.c 
offender, radiation of air may not be nece.'isary, wherca.s the practice of 
wearing extremely thin gloves may have to l)e changed. It is intcrcstmg 
to recall that Harvey Cushing, who had .an extremely low incidence of 
infection in spite of his lengthy operations, always wore licavy gloves. 

Skin of the Patients. More diflieult, if not impossii>!e, is ti\e evalua- 
tion of the role jflayed by the patient’s own skin in the production of 
inh’cted wounds. Although surgeons vary widely in their attempts to 
clean the skin of the patient and to protect the wound from ex5K>'Ure f" 
it, there is little diiTerenee in their rejmrted incidence of wtuind infection. 
Smic surgeons take great ctire to cover the exposed surroundin',: skh; 
of the jxitieni with sterile pads, jinrl ptujit it witli it p<uvcrful germicid''' 
while r>th(‘r.s make no jiitemjjl to i':olate the skin iidjacent to tlie wound, 
or to employ anythitig more in the way of skin prt'jiartition than 'imp''' 
retuovji! of grea-e fittd dirt with benzene.*' Similar results from 'U' h ■< 
varictv of fuethod seem to indhute that the skit) of the patient i- n‘" 
as imi'xirtant as some other sources of contamination. The exjtlan'ititiu 
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may He in the distinction Price^®-^®-^^ has demonstrated between two 
grades of bacterial flora on the skin, namely, the transient and the 
resident flora. The “transient” flora vary from day to day in quality 
and quantity since they are composed of bacteria which have settled 
on the skin from its daily contacts. Therefore, they are scant on clean 
protected skin, and profuse on dirty, greasy, exposed parts of the body. 
Since the organisms are frequently imposed on or mingled with other 
foreign matter, they are easily removed with the grosser contamination 
in a few minutes scrubbing. The “resident” flora, on the other hand, 
are remarkably constant for a given individual. The bacteria compos- 
ing this type are so tightly attached to the skin that theoretically 
2| hours of continuous scrubbing Avith soap and water are required to 
remove all of them.^® Such adherent organisms would not be easily 
brushed into the wound by the touch of an instrument or gloved hand, 
and if the patient’s skin is properlj' freed of “transient” bacteria by 
adequate scrubbing and applications of germicides, the “residents” 
become a less important source of contamination. However, no one 
has been able to prove this contention one way or another, and safety 
dictates that the surgeon reduce the total flora of the patient’s skin to as 
low a level as possible. This is especially true of exposed parts of the 
body where the “resident” flora may be partially composed of virulent 
bacteria as a result of a long contact with sources of these organisms.^® 
Price®® has outlined means of accomplishing this. 

Surgical Materials. There is no reason why gloves, dressings, instru- 
ments, solutions or sutures should ever be agents for the transfer of 
bacteria to the Avound or from Avound to AA'ound. Simple, inexpensive 
methods for the absolute sterilization of all of these materials have been 
devised. 

Actually, hoAVCA'^er, these materials do occasionally serve as sources 
of contamination, since there is Avidespread discrepancy betAveen avail- 
able knoAvledge and current practice. Steam sterilization, for example, 
is generally regarded as a relatiA'^ely fool-proof measure. The opinion 
is current that to insure sterilization it is necessary only to place the 
material to be sterilized in an autoclaA'e and then to expose it to steam 
at a giA^en pressure. Actually, there are innumerable details Avhich 
must be attended to, such as proper AATapping of bundles, proper load- 
ing of the sterilizer, and adequate temperature control. When the basic 
principles of steam sterilization are not understood by those responsible 
for operating the sterilizer, one sees such dangerous Anolations as 
attempts to sterilize materials in sealed glass containers filled AAuth air, 
attempts to sterilize A^aseline and other oily substances Avdth steam, 
attempts to sterilize tightly packed drums or packages of tremendous 
size. The most striking recorded e.xample of the difficulties encountered 
by sterilizer operators Avho AA'ork by ritual rather than understanding 
is told by Dr. Kenneth Black.^ Questioning the efficiency of a steam 
sterilizer, he placed a thermometer in the center of a tin of dressings. 
When the temperature of the steam in the sterilizer reached 240° F., 
that in the tin AA’as only 160° F. Ea'ch after he had screAA'ed doAATi the 
safety A'ah'e and sterilized for an hour, the inner temperature AA'as only 
220° P. to 230° F. Thereafter, he tested many sterilizers and arriA'ed 
at similar results Avith a large percentage. A nurse Avho did not believe 
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tile thermometers j)ut an egg in the center of eacli pack in a given steri- 
lizer, and was astonished to find them raw at the eml of tlic customary 
sterilization period. 

Other operating room procedures are subject to tlie same criticism. 
There is frequently considerable lag between the available ami the 
applied knowledge. This exists because surgeons have delegated tlie 
responsibility of preparing sterile materials for the operating room to 
nurses who, as a group, do not possess the information ncce.ssary to 
understand such work. The nurses are forced to work by ritual rather 
than by understanding. Wien people do not comprehend the reasons 
for their actions, they are bound to make mistakes, especially when new 
equipment and new demands require deviation from the standard ritual. 

Space does not permit a discussion of the theory and practice of 
sterilization of surgical material; furthermore, such a discussion is not 
necessary for there arc many excellent papers on this sulijcct, among 
which may be mentioned those by Hoyt,-^ Hoyt d alP Underwood,^’ 
Walter Meleney,^ Spaulding^* and Ecker.*"''’ 

The point which needs emphasis is simply this : methods arc available 
for the preparation of these materials, but they arc not being employed, 
because surgeons by and large are leaving the sterilization of materials 
in the hands of nurses. If each hospital would appoint one member of 
the staff to familiarize himself with this subject, not only could many 
loopholes be closed but considerable money could be saved. 

The Sulfonamides. Despite all precautions, bacteria get into clean 
surgical wounds. In addition, certain surgical incisions must be marie 
into or through infected tissues and are unavoidably contaminated. 
Consider, for example, a wound through which an acutely inflamed 
appendix is removed. .Accidental wounds arc obviously nearly always 
contaminated with bacteria, though not ncce.ssariiy with virulent 
types. Tims there are three types of wounds in which bacteria are 
usually present and in which infection may and often does dcvclr){>. 
The .sj)cctacular succe.ss of the sulfonamides in the treatment of certain 
c.stablished infections suggests that they might be employed to prevent 
infection of these wounds by their contaminating organisms. 

The bacteria which are involved in the majority of surgical infection-; 
may be listerl as follows: Staph, nurni.i, Strrp. hrnioh/lint.f, h.<rhrnrkta 
call, Protnin rulganx, P-viidomonas pnonimti'a ami anaerobic sjiore- 
forming bacilli. 

Except in the ea.<e of Strep, hrmolptiem, the systemic administration 
of sulfonamides while of some benefit has not been remarkably siieeeT”- 
ful in the treatment of infections caused by these organisms, ttoidd 
the prophylactic administration, either locally, .systemically <>r in com- 
bination, iie more cfTe<:tive7 Tlie mass of evidence both experiim-ntal 
and clinical which lues accumuiateri in tiie attempt to answer tbi-' 
tiiin is tiH* vast to be revieweil here. Those who are interested atu-j 
consult such papers us those of Uee<l and Orr,** ('olebriKik and I ran' i-,^ 
Hawking.’’--' riekrell.^’ IJonnin and Eenner.^ Dmg and Hav'lin.' 
.lensen d al..^‘ Throi-kniorton,*' Harbison and Key" and Key.-- 

In spiti- of till- volume of work that has been done, the {irnbb-m h 
not tieen solveil. The evidence M-ern-- to show, however, that tie- jif'*- 
phvlaetie n-e of the sulfonamides. «-'peci.-dly liK-ally, i' of debru-' 
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Ijenefit in preventing infection with at least some of the bacteria which 
commonly cause wound infection and when properly used do not inter- 
fere with normal Avound healing. 

The local administration is based upon the supposition that it will 
result in a higher concentration of a given sulfonamide in the wound 
than can be obtained when it is administered systemically only. 

When a sulfonamide is administered systemically, the concentration 
in the wound is approximately that of the blood and since it is not safe 
to keep this above 10 to 15 mg. per 100 cc.; the concentration in the 
Avound cannot exceed this amount. The concentration of a given 
sulfonamide AA'hich can be obtained in a Avound is directly proportional 
to its solubility in tissue fluids and the length of time that concentration 
can be maintained is inA^ersely proportional to its solubility in tissue 
fluid. Thus sulfanilamide Avhich is extremely soluble proAudes a high 
local concentration for a short time Avhile sulfathiazole or sulfadiazine, 
Avhich are relatively insoluble, aauII proAude a loAver local concentration 
Avhich persists for considerable time. 

HaAvking-'’’^* has shoAvn that sulfanilamide is absorbed and disappears 
from a AVOund in less than 24 hours, Avhile sulfathiazole persists 4 or 
5 days. Sulfadiazine remains in a Avound cA'^en longer. 

It has also been shoAAm that sulfanilamide Avill diffuse sloAvly through 
dead tissue, but that sulfathiazole does this at an even sloAver rate. 
Furthermore, the high local concentration of sulfanilamide exists for 
only a few millimeters about the AA'ound, for as soon as the drug reaches 
tissue Avith an intact circulation, it is “Avhisked” aAvay and its local 
level becomes that of the body as a Avhole.-^ 

These considerations dictate that in practice it may be well to employ 
a mixture of sulfanilamide and sulfathiazole or sulfadiazine. The sulfan- 
ilamide provides a high local concentration for a short time plus fairly 
rapid penetration of dead tissue. The other component serves to 
maintain a loAver concentration OA'^er a period of several days. Whether 
sulfadiazine or sulfathiazole should be used is not established, but the 
cA'idence seems to be in faAmr of sulfathiazole.*®'^'* 

That the high local concentration A\dnch can be obtained by placing 
these drugs in AAmunds Avill serA’^e to extend their range of usefulness 
beyond that already established by systemic administration remains to 
be demonstrated conclusiA’^ely. At present the eAudence seems to shoAv 
that it Avill. 

John Winsloav Hirshfeld, M.D.- 
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from a neurosis during training. It was also noted that 90% of the 
accidents to graduate pilots were due to defects in the pilots themselves. 
Others have mentioned that of the remaining 10%, 2% were due to 
enemy action and 8 % to plane defects. 

These observations naturally led to the formation of medical units, 
both for pilot examination and for research in aviation medicine. 
Because of this development, the percentage of accidents due to pilot 
error in the Royal Air Force had been reduced to 60 % in 1941. Follow- 
ing the last war, interest in research lagged, but in more recent years 
an increasing amount of work is being done. Some of this has related 
to aviation ophthalmology and an attempt will be made briefly to 
review part of it here. The increased speed, high altitude capabilities 
and the general importance of air power in the war have been the stimuli 
for much of this work. Despite the many changes, the standards for 
pilot qualification set up by Wilmer^^ and his coworkers are, in the main, 
still satisfactory. They also contributed many of the basic facts in 
research from which more recent work has evolved. 

Visual Acuity. These standards for the armed forces remain at nor- 
mal, or 20/20 vision, for new candidates. In civil aviation the ten- 
dency has been to lower these standards and the wearing of glasses is 
permitted. The trend would seem to be toward a further lowering of 
the standards for initial visual acuity where vision can be improved to 
normal with glasses. Visual acuity of 20/50, correctible to 20/20 in 
each eye, is now the minimum vision without glasses required for 
transport pilots. For private pilots, if the visual acuity is less than 
20/50 it must be correctible to 20/30. In regard to visual fields, the 
confrontation method is required in civil examinations, while a more 
extensive examination is done by the armed forces at entrance. 

Hayden and Goss® have reported that at the U. S. Naval Academy the 
average incidence of visual deficiency has been decreased from 8.18% 
(classes 1934 to 1940) to 2.86% (classes 1941 and 1942) by requiring 
some hyperopic reserve in all the candidates accepted. This has 
markedly reduced the number who have become myopic before gradua- 
tion and whose training is wasted from the standpoint of the Govern- 
ment. About 1 diopter of hyperopia is the preferred amount in a 
candidate; over 2 diopters disqualifies. These observations are of 
interest where young adults are to be given e.\'pensive and time-con- 
suming training in work which, for its pursuance, requires normal visual 
acuity. 

A general darkening of the visual field is noted with anoxia. If 
o.xygen is then given, a sudden brightening of the field follows. This 
is a universal observation. Beginning with Wilmer and Berens in 1918, 
a number of observations by various investigators were made on the 
effects of visual acuity of anoxia. The findings were variable. Recently 
hlcl^arland and Halpern'® found that changes in visual acuity with 
anoxia at high illuminations were negligible, while there was a large 
drop in foveal visual acuity at low illuminations. Their conclusion 
was that “so far as foveal visual acuity is concerned .... it is much 
more important that airplane pilots be provided with oxygen on night 
flights than during daylight flights.” lYork is now underlay to deter- 
mine at what level o.xygen should be used during night flights. 
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Depth Perception. The importance of good depth perception to a 
flyer is obvious, and even with the best visual acuity and muscle bal- 
ance, landings under certain conditions, such as on' snow and water, 
may be hazardous. The factors involved in depth perception are well 
understood and are usually grouped into those inherent in the individual 
and those dependent on his environment and his past experiences with it. 
At the start of tiie last war, attempts were made to measure this ability 
by using the stereoscope in near vision. This was found to be unsatis- 
factory and, later, the Howard Dohlman iipparatus wiis introducffl 
and is still in use. This apparatus is stationed at a distance of 20 feet 
from the examinee and is an excellent test for stereoscopic nsion at a 
tlistancc. ’IMicn used properly, it determines his inherent degree of 
ability to judge distance. 

The known factors in faulty depth perception, as listed by Thorne,^’ 
are: (1) inequality of vision; (2) accommodative asthenopia; (3) hetero- 
plmria; and (4) convergence insufficiency. Using the Howard Dohlman 
apparatus, Deyo® found depth perception to he only 20% as accurate 
with one eye covered as with the use of the two eyes. This illustrates 
the disadvantage under which a pilot with only one eye or with strabis- 
mus labors. 

That aniseikonia, or inequality in the image size of the two eyes, 
may affect depth perception unfavorably is easily demonstrated. That 
it is commonly a cause of poor depth perception as usually tested is 
very doubtful. With the testing of large groups of individual.s with 
the Howard Dohlman apparatus, the ones who arc not within normal 
limits almost invariably reveal defects in their ocular muscle balance, 
refraction or visual acuity which readily explain the difliculty. 

Walker-' recently investigated the superiority of binocular over 
monocular vision in depth perception in respect to the vertical or hori- 
zontal position of the stimulating object. He used an apjtaraius dc- 
.signcrl iiy himself with two 0.12.5 inch roils 2 inches apart at 22. .5 feet 
from the eye piece. Both rods were movable by the turning of a wheel 
i)y tile .subject. His conclusions were: (1) liinocnlar vision is supcnnr 
in perception of depth when the stimulus is in a vertical position or :it 
an angular displacement of not over ( 2 ) when the visual stimuIu^i■' 
horizontal the error of [lerccption is as great for binocular vi-mn a- 
for monocnlar vision: and (3) under ordinary visual conditions secon- 
dary depth perception factors siicli as relative sizi'. interposition and 
relative heiglit above the line of vision apparently compensate for the 
lack of retinal disjiarity that is pre.sent when objects arc horir.ontjd- 
In another study. Walker" compared movement of the stimuli in 
hand and mechanically but did not find enough correlation to suggi-- 
that the mechanical was superior to tlic Howard Dohlman or 
tyiie. His Studies do not controvert tlie known facts in regard to dejUii 


jKTeeptinu. ^ 

Good muscle balance is of great iinjiortanec to a pilot. 1* lie iia- •’ 
high degr<s' of t-sophoria. exophoria or byjwqdioria. while lie nut.' nm 
and judge depth fairl.v well imiier ordinary cfinditioii''. if fatigued 
may supjire-s the vi-ion of one eye or sulTer from di[)lupia. u-uidi) t 
foniier. If he .Mippres-es. his depth pern-ption tiieii beiximt-- simd.u t'> 
th;it of a one-eyed person and is nmeh inferior. If he -.idfers from a< -i- " 
diplopia, the ri'-ults might ea-ily Im- di-astroii-. Tin- .\rmy regui.eei. 
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in tins regard have been that depth perception must average 30 mm. 
or less on the Howard Dohlman apparatus. Esophoria (at 20 feet) of 
more than 4 diopters, if associated with a prism divergence of less than 
4 diopters, disqualifies. Esophoria of over 10 diopters disqualifies even 
if diverging power is equivalent. E.vophoria of more than 5 diopters 
disqualifies. Hyperphoria of more than 1 diopter disqualifies. An 
angle of convergence of less than 40° disqualifies. Gross deficiencies, 
such as strabismus and diplopia (except in extreme rotation) naturally 
disqualify. 

Color Vision. This is of importance to any pilot because of the use 
of color in navigation lights, and it is of even more importance to the 
military pilot because of the use of Verj'^ pistols, flares and so forth in 
his work. The Ishihara test, or similar pseudo-isochromatic plates, is 
the most reliable for detecting all degrees of color blindness. Color 
blindness is detected in this test very frequently in individuals who 
had no previous knowledge of a defect. If a defect is found, the Holm- 
gren yarn test is then generally used and, being much less delicate, 
eliminates only a few of those found by the Ishihara test and these 
have the more gross forms of color blindness. If the Holmgren test is 
passed, they are acceptable. 

This method appears to work very satisfactorily as regards civilian 
and transport pilots. With reference to military pilots, White’s'^® 
findings are of interest. We found that individuals color deficient as 
revealed by the Ishihara plates but able to select gross shades of red 
and green were deficient in 3 of the main requirements of the military 
pilot with reference to color vision, namely, recognition of Very pistol 
signals, navigation lights and map color shades. , He found that naviga- 
tion lights on a plane could be identified 1 to 4 miles farther away by 
normals than by the Ishihara failures. 

The most recent review of color vision as it affects military fliers is 
that of Schwichtenberg.*’^ He reviews the Young-Helmholz and the 
Edridge Green theories of color vision, gives the correct technique for 
the Holmgren yarn test and suggests a technique for the Williams 
lantern test which he feels simulates conditions of military operation 
more closely than do other tests of color vision. He advocates this 
latter technique, especially for testing questionable cases. 

A common suggestion in regard to this problem has been that num- 
bers be substituted for or added to colors as signals. That is, all green 
lights be made double lights, red lights single, and so forth. This, of 
course, is not at all feasible from the military viewpoint where colors 
have a multiplicity of uses. It might be possible with civilian aviation, 
but here, too, we liave numerous signals and navigation lights, on and 
off the ships, which would make it a very difficult problem, and there 
are many more urgent ones at the present time. 

As far as we have been able to determine, color blindness is of no 
aid in penetrating the usual types of camouflage. When one considers 
that if a landing field is next to a pasture which appears green from the 
air the landing field will be colored likewise, it can be seen that this 
offers no advantage to the color blind. 

Black Out. Blacking out is well described by Ryan.'® This is due 
to the blood gravitating downward from the pilot’s head. It may occur 
when coming out of a dive, making a sharp turn, accelerating, and so 
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forth. It results in partial or complete loss of vision and the pilot may 
see anything from a red glare to complete darkness. The latter may 
be accompanied by unconsciousness, this occurring usually when forew 
greater than 4 G. are produced. (“G" refers to the acceleration due 
to gra\-ity.) For instance, the effective weight of a loO pound pilot at 
4 G is 600 pounds. The first effect of G. is the feeling of being pushed 
into the seat of the machine, then of the abdomen being pre.ssed down- 
ward. Then the visual fields begin to dim, this being followed by 
complete loss of vision, followed in some cases by unconsciousness. 
This will last up to 5 seconds, depending on the amount and duration 
of G. and the response of the pilot’s vascular system to it. 

Ryan’® also mentions' that it has been the experience of the Rritish 
that pilots with low blood pressures react badly to abnormal move- 
ments in the air. Young-® analyzed 159 fatal crashes and concliuU'd 
that hypotension may be the underlying cause in many cases of pilot 
failure. Seventy-three pilots (45.9%) manifc.stcd some form of hyjxi- 
tension (a blood pressure of less than 110 systolic or 70 diastolic); of 
these, in 62 (85%) the official cause of the crash was pilot error. On the 
other hand, only 43% of those with normal blood pressure were involved 
in cra.shes charged to pilot error. Reports from England are that fi>r 
every 4 pilots killed in combat, 6 lose their lives because of some other 
cause at home. 

Young’’® states also that “if enough violent flying is indulged in, per- 
manent damage can be done to the central nervous system as wa.s wit- 
nessed a few years ago when 2 fatalities occurred on one of the larger 
aircraft carriers within a few hours after carrying out an extensive dive 
bombing exercise.” In this regard, we observed a test pilot several 
years ago who had developed a right third nerve paralysis 2 days after 
making an exceedingly rapid ascent in a plane he was testing. The 
condition was improving rapidly when we observed him and he revealed 
no other central nervous .system disturbance de.spitc an extensive exam- 
ination. He was advised to limit his activities but a .short time lati'r 
wa.s killed in a crash the cause of which was obscure. His blood pris'^nre 
when cxiimined lierc was 120'70 on a single reading, and «m this single 
reading he could not be classed a.s a hypoten.sive. However, one might 
conclude that once a vascular accident, no matter how minimal, has 


occurred in a pilot he should be grountied. 

Dark Adaptation. Several yeans ago a number of articles appeared’ ’ 
suggesting that night blindness clue to vitamin deficiency wa.s rela- 
tively common in tlie general population and could readily be prodiieed 
experimentally. A large amount of literature on the .subject ha- .'•imv 
accuuiulatetr' ® and the con.sensus among mo.st ophthalmologist.'' at 
jireseiit is that it is not common and that it is not readily prodnceil !'> 
diettiry restriction. In fact, other chiinges may oceiir. a- in the ^kin, 
with no definite findings as regards the dark adaptation. Hei'cntb. 
Yarbrough and Darin*’’ found no r-orrelation between dark adajitatmn 
readings and the lilood level of vitamin A. They siigge-'t that b.'SK! 
determinations of vitamin .V seem tube the most promi'-ing nietlasf o. 


deter-ting mild avitamino-is .\. 

The following rejyirts would ser-m to indicate that a.s 
under ground r-onditioiis, jxsir dark adaptation i- a neg 
This is not true, of eoiir-e, iirnler comlitions of anoxia, a- 
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Eighty pilots from a commercial air line were examined here by 
Sheardd® While the threshold was higher for a few than the mean for 
the group, none eould be considered abnormal. The changes found for 
the most part could be correlated with the pilot’s age. In none was there 
change enough to warrant a recommendation against night flying. 
That these were normal variations is further shown by the fact that 
there was no significant change following months of increased intake of 
vitamin A. Porter, Carlson and Henton^^ examined 65 pilots on the 
Birch-Hirschfeld photometer; none were found deficient. They then 
examined 34 non-fliers and found 1 below the minimum standard. 
Following this they examined the same group, using a luminous clock 
to get a rough estimate of dark adaptation; their results corresponded 
very well with the photometer readings. Now that we know that poor 
dark adaptation is not common in the general population, perhaps if 
any testing involving large groups is to be done at all, this method or 
a modification might be satisfactory. As far as is known, no routine 
testing of the dark adaptation of military pilots is noAV done. 

Anoxia. As the brain, especially the cortex, is very sensitive to 
changes in oxygen tension, it is not surprising that the eye should react 
in a like manner. The circulation is similar and the optic nerve is 
essentially an extension of the white matter of the brain. 

I shall enumerate briefly here a few of the changes which take place 
with anoxia as regards the eye and refer any one particularly interested 
in the subject to an excellent review recently published by McFarland, 
Evans and Halpern*^’^^ which has a complete bibliography appended. 

Among the ocular changes observed are exaggeration of muscle 
imbalances, a decrease in the range of accommodation and other effects 
which one generally associates with fatigue reactions of the central 
nervous system. In this regard, by photographic studies, McFarland, 
Knehr and Berens''’" found that it not only took longer to read a given 
line but that the eyes did not coordinate as well at 18,000 feet. They 
also found that known muscle imbalances were greatly accentuated 
during anoxia*^* and that the precision of ocular reactions in this was 
diminished. Other changes are: impairment of dark adaptation 
(Berens-), Avidening of the angioscotomata in the central visual field 
(Evans and McFarland") and an increase in the caliber of the retinal 
arteries and veins (Cusick, Benson and Boothby"*). With the adminis- 
tration of oxygen there is a tendency in all these effects to quickly 
return to normal, and if the oxygen is continued, in the case of the retinal 
vessels, they become measurably smaller than normal. Some of these 
changes due to anoxia may be noted at altitudes as low as 5000 feet 
but are much more obvious at heights of 18,000 feet and over. The 
occurrence of aeroembolism in the retinal vessels has not been reported 
to ovir knowledge. 

P.\UL L. Cusick, M.D. 
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EXPERIMENTAL BUNDLE BRANCH BLOCK AFTER ABLATION 
OF ONE OR BOTH VENTRICLES.* 

Bv Robert’ C. Robb, Sc.D., M.D., 

AND 

Jane Sands Robb, Sc.D., M.D., 

SYRACUSE UNIVERSITY COLLEGE OF MEDICINE, SYRACUSE, N. Y. 

(From the Department of Pharmacology.) 

Numerous references to bundle branch block in medical literature, 
as well as critical discussions, are available in the excellent mono- 
graphs by Wahlin,“ Mahaim,” and Yater.'^ In spite of much 
experimental there is still extant a belief that there is 

a difl'erence between the electrocardiographic picture produced by 
a lesion of a bundle branch in a dog or cat and that produced by 
disease in man. Yater,^' for instance, writes (p. 2): “This differ- 
ence is e.xplained by the differences in the anatomic course of the 
left bundle branch, the axis and position of the heart, the shape of 
the heart, and the thickness of the two ventricles.” 

If one dissects the ventricular muscle bundles of various species 
commonly used in physiologic studies, the arrangement is found to 
be very similar in dogs, cats, rabbits and monkeys; and this, in 
turn, is similar to that found in pigs, cattle and sheep. iMuch of 
our supposed knowledge of the conducting system is that obtained 
from study of ungulate hearts. 

Because of these anatomic similarities in various families of mam- 
mals, it seemed necessary to reinvestigate the question of localiza- 
tion of branch bundle block, which in laboratory animals is said to 
he different from that of man, due to supposed anatomic dissimi- 
larities. 

* Supported by gr.Tnt from the Hendricks Rese.irch Fund of Syracuse University 
College of Medicine. 
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Method. Twelve animals (dogs, cate, and rabbits) were ancsthefir«i 
with soluble pentobarbital, artificial respiration instituted, the tlinra-? 
opened and the pericardium slit. A superficial .stitch, taken through f.at 
and epicardium at the apex, anchored it to the chest wall to prevent siiift 
of the anatomic axis. Three standard limb leads were recorded siniulta- 
neously on research galvanometers built by the Cambridge Instnimcnt 
Company, the technique being the same as for clinical clectrocardiogTajihy. 
After a control record was taken, first a part, c. g., eitlier the anterior or 
the posterior section, and later all of the free wall (r'. c., not including tiie 
septal portion) of one or other ventricle was completely removal. If we 
applied IM/o solution of potassium chloride to the exjrosed septal .surface, 
conduction through the exposed bundle branch could be eliminated. Fin-ally 
the free wall of the opposite ventricle was removed, Icjiving the Uolatcd 
septum alone with but one of its sides xn.sibly contracting. No effort wa- 
made to control hemorrhage. Some of the blood was taken up with cotton 
pledgets, and later clots were removed. To our surprise, hemorrhage wa^ 
not excessive, and in \'iew of the absence of both coronary- and .systemic 
circulation, the surnval time of the unloaded heart in such preparation.'^ wa-: 
sometimes 20 to 30 minutes (average, 15). We wish to stress that only tlic 
narrow posterior edge of the heart was in direct contact with the niaiia'- 
tinum, since the supporting stitch maintained the normal position of the 
septum. Hence the cardiac surface in contact with other tis.'UC.' dccrca'=ai 
as the experiment proceedal. 



Fin. 1.— Loft brnncli bundle Work and left axis deviation prrKluced in ali^'oce 
of left ventricle. In all records 1 mv. 1 cm. Hea\’j’ time lines «= 0.1 rei-orid. 
Three standard limb leads from a rabbit; .-I, X’ornial rontrol; />’. after the anterr r 
svidl of left ventricle i.s ctit aw.ay; C. after all the re-t of the left ventrieul.sr va" !■> 
cut off; JO, hater, richt ventricle still l>eatins: refOilarly. 


Kesults. Observittions, which were similar in all specie.^ .studied, 
arc bc.st prc.'t'nlct] by reproduction of the eleelroeardiogriiins thciu- 
."^elve.-^. I'ignre 1 .sbow.t the progressive ebange.s wiien the endrv 
free left ventrienlar wall wa.‘t renntved. Figure 2 show.s (he i lTe' * 
of reinitving the riglit ventrienlar free wall ami applying M -’ F 
to the right septal surface in (.1) a rahhit, (/>') a dog, and (f ) ” 
Figure 3 demonstrates the elTeet of removing free w;tl!' of b'>, * 
ventricles and later applying M T» K<'l to the right .‘^eptal surfaj''- 
One mu.st reineiniier that more than one v.tri.'ible i' at han'l H' j*’’* 
tyjK- of experiment. .\nt>xemia ami eortling play a part U' 
removal of areas. lienee it i> oidigiitory to emjiloy simultate'e^.* 
rerainling to m.ake <frtain that all e.xtenia) condition.- are txa- n' 
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alike for each lead at a given instant. When anoxemia affects the 
whole heart, fibrillation is prone to occur. In septal preparations, 
terminal fibrillation is uncommon. 

Discussion. The earlier German investigators. Sir Thomas 
Lewis,'® and more recently Nahum, Kisch, Hoff, and Kaufman,'^ 
have stated that the normal electrocardiogram was a summation of 
one dextro- and one levo-cardiogram derived from the respective 
ventricular surfaces. The latter group have also stated that Lead 1 
is a summation of anterior left and posterior right ventricular forces. 



\ t 



Fig. 2.— Right bundle branch block and right axis deviation in the absence of the 
right ventricle. Three standard leads of (A) rabbit, {B) dog, and (C) cat, taken 
af(cr removal of (he entire right ventricular wall, before (left column) and after 
(right column) application of M/5 KCl to the exposed right side of septum. Note 
that those changes in the S-T are independent of rhythm. 


Lead .3 a summation of posterior left and anterior right. Certainly 
this cannot be the explanation of either Lead 1 or Lead 3 when 
iinterior and posterior surface.s of both ventricles are entirely re- 
moved. In neither ventricle of vuimmahs does removal of the ante- 
rior wall ])roduce the same change as does removal of the posterior 
wall (see 1^'ig. 4). Furthermore, it is difficult to understand how the 
S-T of Leads 2 and 3 (right column, Fig. 2) could be elevated by 
elTeets from the right ventricle posteriorly when in our e.xperiments its 
whole free Avail is cutaAvayand the right septum treated AvithiM/5 KCl. 
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It is usually accepted that an action current in the main hnndle 
does not record on the standard leads. (See Bazett,’ p. 2S4: Ash- 
man, = p. 02.) It is not specifically stated whether action current.^ 
in the bundle branches per se influence the electrocardiogram or 
whether interruption of these pathways influences the elcctrocnrciio- 





i'lc. ri. M'ptTim. Stant!nrc! limb loatln from a ral>bit: A. Contro!; /'. 

aftor removal of richt j)o**tPrior ventricular wall: after removal of wliolc fis! -- 

ventrinilar wall; (L ) removal of po-iterior left wall; ifC) removal of rc'^t of left vi'c.fri 
Only the auri'fe'* ami remain ami these are IjealiiiK repilarly ntcl 

nately, f-\ After applieation of M A Jvf^'l to the richi Fepta! surface; <i, ?nri:c f 
but inueh later, bine drawinirs ^how fnrti<in'« <»f heart present wlam erwh 
wa«i taken. 


gram by preventing the e.xcitation uf the lateral nni'cle 
If one removes all of h.oth ventricular walls and the contraefiii.’ 


septum alone remains, a c<implete eleetroeardiograin is obfait!*’! 
whose aini)litude is greater than that of tlie (laitrol reetird. 

'I'he widening of (JUS fonnd in branch bundle block by earh'. 


author.' (*■. g., l,e\vi') was explained by Mij>i)0'ini: that tie-re va' 
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rapid transmission along the conducting tissue of the uninjured 
side followed by circuitous transmission via ventricular muscle back 
to the injured side. Obviously, the great widening of QRS seen in 
Figure 1 cannot be so explained. 'That anoxemia is the cause of 
only a part of the slowing seems probable, as the S-T is often greatly 
widened when there is little or no P-R prolongation (Fig. IB, 
Fig. 2B and Fig. 3(7 and E); if A-V conduction is unaltered, why 
should septal conduction be affected by this same condition? 

It has been stated by Cardwell and Abramson'' (also DeWitC and 
King®) that the upper septum does not receive primary branches 
from the main bundle of the conducting system but that on the 
right side the Purkinje fibers pass to the apex along the moderator 
band, then turn back again toward the base to supply both the free 
walls and the septum. Others, Curran,® Cohn,® Mahaim,“ have 
described a supplj'' to the septum from higher levels of the right 



Fig. 4.— a, Three standard leads from a rabbit in which the anterior wall of the 
right ventricle only had been removed. B, Same in another rabbit where the poste- 
rior wall of the right ventricle only had been removed. C. Same in a third rabbit 
where the anterior wall of the loft ventricle only had been removed. D, Same in a 
fourth rabbit where the posterior wall of the left ventricle only had been removed. 

branch. Cardwell and Abramson do describe septal subdivisions of 
the left crus and add: “ . one of the larger fasciculi may even 
arise from the posterior or anterior papillary division rather than 
from the main left crus,” 

DeWitt" writes in regard to the left branch: “About 2 mm. 
beyond the point of division the posterior branch gives off 2 long 
slender branches to the septal wall which anastomose with branches 
from a septal branch of the anterior division to form a septal plexus 
(p. 4S4-5). . . . The septal wall of the left ventricle both between 
the papillre and where it curves around behind the papillae is covered 
by a network of Purkinje fibers, similar to the network described 
on the papillje and formed by the anastomosing subdivisions of 
septal branches of the anterior and posterior divisions of the main 
limb which have already been described.” 

“. . . . occasional small branches pass back from the anterior and 
posterior papillary plexuses to the septum and join with the septal 





318 ROBB, ROBB: EXPERIMEXTAL BUNDLE BRANCH BLOCK 


branches to form the septal plexus. The plexus described coveis 
%yell the septal surface to the level of the branching of the main loft 
limb and even sends some fine filaments higher on the septal surface." 

Thus on the right side of the heart several authors state that tlic 
main bundle and the right crus give off no basal septal branches, hut 
believe that the septum is activated from recurrent branches. On 
the left, DeWitt seems to describe mainly recurrent branches, while 
Cardwell and Abramson describe both direct septal supply from the 
left crus and recurrent papillary and septal fibers from the plexiise-s 
on the walls. 

We find both sides of the isolated septum in three families of 
mammals contracting coordinately, following an S-A rhythm, 
although any recurrent pathways curving back from the jiapillary 
muscles would have been interrupted by removal of the right and 
left lateral walls. Wien KCl is applied to one side of the cxposeii 
septum, records similar to those diagnosed clinically as complete 
branch bundle block appear which are discordant and which agree 
with the American terminology. Failure to control all conduction 
to one side of the heart is probably the explanation of the confusion 
in the literature as to localization of branch bundle block in labora- 
tory animals. 

Conclusions. 1 . In order to record a QllS-l' complex, the pre.s- 
ence of the “free” (?. c., non-septal) walls of cither (or both) right 
or left ventricles is unnecessary. 

2. Not even the right side of the septum <lcpends entirely for 
its excitation on coufluction pathways which first reach the papillary 
muscles at the apices and then turn back. It contracts with a nor- 
mal S-.-\ rhythm when such pathways are interrupted by the total 
ablation of the "free" portions of both right and left ventricles. 
i. r., impulses arc conducted from the main branches directly to 
the sejRum. 

3. These exjjcriments have not proven definitely whether the 
electrocardiograms recorded from the isolated septum an' due to 
excitation of the septal muscle alone or whether action eiirrcnt' 
j)assing in the right and left branches (whose peripheral expaiuioa' 
w<'re amputatcfl) al.^o produce some effect. 

•1, Xot only does electrical activity of the free wall of each ven- 
tricle affect the electrocardiogram, but various {)ortions of e.'i<h 
wail hav(' a characteristic effect. 

'I'liese experiments do not support the theory that an electro- 
<'ardiogr;im is siimnnitionof only onedextro-and fuielevocardiognstn, 

(■>. Thiit the am])Iitude of deflection'; increases when the eontaft 
surfiice of the heart diinini-hes suggests thtit normally there i' o'le 


sideraide iietitnili'/tition of current. 

7. Sf>-e:dled “axi-; deviation” apitear- when h'r^ nither ton 
more of a given ventricle is }>r(-ent. Hence it appear- to i'" 
lo-' tif eh-etrical comjHments. with <'irn'efjuent change in the a.. 


hraic ^ntti. 
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8. Laboratory animals, dogs, cats and rabbits, conform to the 
newer or American terminology for bundle branch block; i. e., when 
the right side of the heart is anatomically and functionally absent, 
there is a deep wide Si and a tall wide QRS3. The reverse is true 
for anatomic and functional absence of the whole left ventricle. 
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Acute right-sided bacterial endocarditis is admittedly rare both 
clinically and pathologically. An autopsy done at Jewish Hospital 
oil a case of pneumococcic tricuspid valvulitis prompted us to deter- 
mine the frequency of tricuspid involvement, and to review the 
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autopsy records of the Pliiladelphia General Hospital* A search 
of the literature revealed a marked difference of opinion conceniinj: 
the incidence of tricuspid valve infection. 

Osier,' in 1885, stated that the right heart B'as rarely infectc-d 
alone and reported tricuspid involvement in only 5 of 200 cases of 
malignant endocarditis. Preble'* stated in lOOi that 8.5% of all 
cases of pneumococcic endocarditis were limited to the tricuspid 
valve. Horder' reviewed 118 necropsies of infective endocarditis. 



I'l'i. 1 — Xotp tlif* uriinuUir. str!Hvl>orry-like vwtation Jinviiic n hroriil hy ffi li. 

viilvt*. (.JefT- Mn^. SA530; Philix. OtHi. Ho-<p, Xo. ) 


finding none restricted to the tric»sj)id valve. Many of these earlier 
rejnirts jwobably ineluderl eases of subacute buelenul endoeardui'. 
for prior to LibmanV investigation in 1010. no division between tic 
acute and subacute forms was made. Libman stres-ed the inbi-'O 
bility of inaint/iining a distinction between tlic two forms, e\ii. 
thougli a sharp rlividing line was not always possible. Iha.'er 

• \\V ui-!: Oi nr. JrfTrr-oti W. Hark, Vircr-tar f.f I.-<n,r.C, '•/ '■ ' 

rivr.cra! Ilf.-;, list, fur I;ii |<-rnii*''e>r! It, ri vi‘"K' th,* 
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in 1926 found only 2 of 362 cases were limited to the tricuspid valve, 
but in 1932 reported right-sided involvement in 10 of 185 cases of 
acute bacterial endocarditis. Phipps® in 1932 reported 44 cases of 
acute bacterial (non-pneumococcal) endocarditis of which 3 involved 
the tricuspid valve alone. Among 23 cases of pneumococcic endo- 
carditis at the Massachusetts General Hospital, Lord® found lesions 
restricted to the right heart in 3 cases. Ruegsegger'® reported 
19 cases, an incidence of 2.9%, of acute pneumococcic endocarditis 



Fig. 2. — Several elongated, pedunculated vegetations project from each of the tri- 
cuspid leaflets into the right ventricle. (Jeff. Hosp. Mus. NA530: Phila. Gen. Hosp. 
No. 25000.) 


among 665 cases of pneumococcic infection. One case of tricuspid 
and 1 of aortic and tricuspid involvement occurred in the 15 cases 
of acute pneumococcic bacterial endocarditis that came to autopsy. 
In contrast to the above reports, Librnair' ® stated that 27 % of his 
cases of bacterial endocarditis involved the right heart. 

Our own studies were taken from the autopsy records of the 
Philadelphia General Hospital from January 1, 1920, to December 
31, 1940. Among 26,007 autopsies, there were 646 cases of acute 
bacterial endocarditis, an incidence of 2.5%. 
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In Table 1 are listed the number and percentage of cases involving 
the different valves. The mitral valve was by far the commonest 
seat of acute bacterial involvement with the aortic valve next. 
Only 20 cases (3%) were limited to the tricuspid valve and .t cases 
(0.8%) to the pulmonic valve. If we include those eases in which 
the tricuspid and pulmonic valves were affected in association witli 
left-sided endocarditis, vegetations in the right chambers of the 
heart were present in 53 cases (8.2%). 

T.kdle 1.~I.nwolvemext or Valves xx Acute Bacteeiai. Ekdocaeditis (Aii, 

Types of Oroaxisms). 



■Vo. 

Pr. 

Mitrnl valve, nlone 

. SOS 

•17, fi 

Aortic valve, nlone 

. ir,4 

25.1 

Mitral and aortic valves 

. 121 

IS 7 

Tricuspid valve, atone .... . . 

20 

3.1 

Mitrnl and tricuspid valves ... 

10 

1.7 

Aortic, mitral and tricuspid valves 

7 

l.I 

Pulmonic vnlvc. alone . . 

5 

0 .s 

Aortic and tricuspid valves 

5 

0..S 

Mitral, pulmonic and tricvispid valves 

s 

0 •( 

Mitrnl, aortic, tricuspid, pulmonic valves 

.s 

0.4 

Total cases 

. wo 

100 0 


Preble^ and others- •'’ have pointed out that the pneumocnccii'i 
attacked the tricuspid valve more frequently than other organisms. 
We therefore determined how often the tricuspid valve was affectetl 
in lobar pneumonia. 

Of the 20,007 cases autopsied, 1041 were cases of lobar pneumonia. 
Sixty-two (5.9%) of the.se revealed acute bacterial endocaniiti?. 
This approximates the figures of I>ord'‘‘ (4.15%) and of Preble,® wlm 
.stated tliat 1% of all pncumococcic pneumonias and 5% of all fata! 
cases had acute pncumococcic endocarditis. 

Tahi.e 2.— Ixvoi.vemext or Valves ix Fatai. Acuti 

Exdocaiiditi.s. 

Mitral v.-ilvc. aloiip . 

.\rirlic valvp. alone . 

Trlcu»r>i(l vtilvo, nlone , 

NJitrnl ntui aortic v.sivcs 
.\ortic niul tricti'pi'l vnlvcs 
Mitrnl. nortic. tricnspiil, pulmonic vnivos 
Mitral, nortic. tricst-pul valve® 

Mitral, p'tlmonic. Iri'si'pirl v.ilve® 

Total r.T'es 

In Ttible 2 tire listed the various valve.s involved in piteiim'im'- 
Of tin* eases previously mentionetl in which the tricii’[)i'! ■> 
w.-is involved alone, !< (15'ff) were dm.' to the ptieiunoeoreii-. ^ 
appears that the pneuinoe<)eeU' attacks the trieu.spiti valve fi*" ' 
frtspK'ntly than other organi-ms. If we sepanite tin- ea-*-. pte •• 
nioe'-et ie einhie.-iriiitis front the groiijt as a vOiole. we find that • 


; P.vEesioc'X’fic liverrito 


Nm. 


I'.’i 

;t7 n 

Is 


»» 

h ’> 

K> 

s n 


! S 

•> 



■> ■> J 

i I '• 


Kill (1 
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62 cases of pneuinococcic endocarditis or 14.5% occurred on the 
tricuspid valve alone, but only 11 of 584 (1.8%) of all other cases of 
acute bacterial endocarditis were restricted to the tricuspid vah’-e. 

As much as the records permitted, we revieived the 20 cases of 
tricuspid endocarditis (Table 3). One thing that impre.ssed us pp- 
ticularly Avas the unreliability of physical findings upon cardiac 
auscultation. In but 8 of the 20 cases Avas mention made of any 
murmur being heard, and in none of these Avas it heard specifically 
oA'^er the tricuspid area. Of the 8 cases, 4 had systolic murmurs over 
the mitral or apical area, in 2 double mitral murmurs Avere heard, 
and 2 exhibited aortic murmurs. 

Table 3. — Acute Bacterial Endocarditis of Tricuspid Valve Alone. 

Primary dise(isc. 

1. Septicemia .... 

2. Pneumonia .... 

3. Lobar pneumonia 

4. Lobar pneumonia 

.5. Postpartum sepsis . 

C). Lobar pneumonia . 

7. Lobar pneumonia 

8. Suppurative prostatitis 

9. Bronchopneumonia 

10. Streptococcic septicemia 

11. Lobar pneumonia . 

12. Erysipelas .... 

13. Puerperal sepsis 

14. No diagnosis 

15. Bronchopneumonia 

10. Lobar pneumonia 

17. No diagnosis 

IS. No diagnosis 

19. Lobar pneumonia 

20. Staphylococcic septicemia 

Keefer,- Preble,® and others* liaAm mentioned that physical 
signs of acute bacterial endocarditis may be lacking. Most authors 
attribute this to the fulminating course of the disease. One of us 
(S. B.) has recently studied 2 cases of acute bacterial endocarditis, 
1 due to pneumococcus Type VII iiiAmlvement of the tricuspid A'^ah^e, 
and the other streptococcus hemolyticus infection of the mitral 
A'ah'e. Both patients died after 5 AA'eeks and AA^ere examined post- 
mortem. Despite the fact that the diagnosis AA^as made clinically 
and these patients Avere repeatedly examined for auscultatory cardiac 
changes, no murmurs Avere heard. Figures 1 and 2 are photographs 
of 2 cases of acute bacterial endocarditis of the tricuspid A'alve. 
They indicate Iioaa' large these vegetations may be AA'ithout producing 
cardiac murmurs. 

The etiology and pathogenesis of cardiac murmurs is still a very 
fertile field for investigation. Most obserA-ers feel that acute bac- 
terial endocarditis is frequently apt to strike vah'es tliat liaA^e not 
been the seat of previous inflammatory processes. If that is the case, 
it may be that the amount of damage to the chords tendineffi and 


Auscultatory phenomena. 


Systolic precordial murmur 


Rough apical systolic murmur 


Apical systolic murmur 


Double mitral murmur 
Apical systolic murmur 


Aortic systolic murmur 


Double mitral murmur 
Mitral systolic and double aortic 
murmurs 
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valve itself is of more importance in the production of murmurs, 
than the size or location of the vegetations. We would like to 
emphasize the fact that absence of auscultatory changes should not 
eliminate a diagnosis of bacterial endocarditis. From our experience, 
the continuance of a positive blood culture in pneumonia longer 
than a week should make one suspect the presence of acute bacterial 
endocarditis. 

Summary. 1 . In 26,007 necropsies there were 646 cases of acute 
bacterial endocarditis, an incidence of 2.5%. 

2. The mitral valve, singly, was most frequently involved (47.6%), 
followed by the aortic valve, singly, (25.4%), mitral and aortic 
(18.7%), and tricuspid, singly, (3.1%). 

3. Lesions were limited to the tricuspid valve in 20 cases, an inci- 
dence of 3% of acute bacterial endocarditis and 1 out of 1300 autop- 
sies. 

4. Right-sided bacterial endocarditis occurred in 8.2% of the 
cases. 

5. Lesions involved the tricuspid valve alone in 9 of the 62 cases 
of pneumococcic bacterial endocarditis (14.5%). 

6. The lack of diagnostic auscultatory findings in acute bacterial 
endocarditis of the tricuspid valve is emphasized. 
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THE INCroENCE OF ACUTE AND SUBACUTE BACTERIAL 
ENDOCARDITIS IN CONGENITAL HEART DISEASE. 

By Raymond Gelfman, M.D., 

GRADUATE ASSISTANT IN MEDICINE, 

AND 

Samuel A. Levine, M.D., 

ASSISTANT PROFESSOR OF MEDICINE, 

BOSTON, MASS, 

(From the Medical Clinic of the Peter Bent Brigham Hospital and the Department 
of Medicine, Harvard Medical School.) 

The outstanding work of Maude Abbott on congenital heart 
disease during the past 25 years has greatlj^ clarified the diagnostic 
features of the individual cardiac anomalies, and made it less neces- 
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sary to resort to the general term “congenital heart disease.” Other 
investigators have thus been stimulated to submit case studies and 
statistical analyses that have cast considerable light on their course, 
prognosis and complications. Recently, the encouraging results 
obtained through the surgical treatment of patent ductus arteriosus 
and the hope of thereby decreasing the frequency of fatal complica- 
tions have also served to attract increasing attention to a field of 
medicine that was long regarded as rather futile from the standpoint 
of therapy. 

This study is concerned primarily with one phase of this broad 
subject, namely, the incidence of acute and subacute bacterial endo- 
carditis and endarteritis in hearts that are the sites of congenital 
defects. We are not discussing the embryology and pathologic 
anatomy of the cardiac anomalies, nor the clinical and diagnostic 
features of the various defects, as these points have been adequately 
covered by Abbott”"'' and numerous other investigators.'^ 

The prognosis in congenital heart disease appears to depend on 
the direct effect of the structural defect and the subsequent oxygen 
unsaturation in the blood.'® Abnormal shunts of blood through 
anomalous communications and stenotic orifices constitute a heavy 
load for the heart and in time may lead to hypertrophy, dilatation, 
and loss of cardiac reserve." 

In addition, the vulnerability of even slight congenital cardiac 
defects to bacterial endocarditis is notorious, especially in adoles- 
cence and early adult life. Paget,-^ in 1844, was among the first 
to stress the importance of defective or erroneous development in a 
heart as predisposing to inflammatory disease. This observation 
was subsequent!}' corroborated by Osier-® in 1886, by Ilorder'® in 
1909, by LeAvis and Grant-' in 1922, and by Abbott and her 
contemporaries.''' 

The development of bacterial endocarditis or endarteritis on the 
margins of or adjacent to a congenital cardiac defect comprises one 
of the most serious hazards to the patient Avith this disease. The 
presence of local deformities or tissue changes and the influence 
of mechanical strain and trauma, as, for example, malformed cusps, 
deformed A'ah'es, patent ductus arteriosus, and interventricular sep- 
tal defects,'® -® give rise to areas of fibrosis and sclerosis AA-hich offer 
sites of loAvered resistance for the lodgment and groAvth of virulent 
organisms.® 

Material.— This report is based on a study of necropsied cases Avith con- 
genital cardiac defects in the following Boston hospitals, during the years 
indicated; 1, the Peter Bent Brigham Hospital, 1913 to 1940; 2, the Boston 
City Hospital, 1S9G to July 1, 1941; 3, the Massachusetts General Hospital, 
1897 to August 1, 1941; and, 4, the Infants’ and Cliildrens’ Hospitals, 1915 
to 1940. In the protocols reA'iewed special attention Avas paid to: 1, se.\-; 
2, age at time of death; 3, tyiie of cardiac defect or defects; 4, CAudence of 
superimposed rheumatic^ infection; and, 5, the presence of acute or sub- 
acute bacterial endocarditis or endarteritis. 
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All cases were included that had significant cardiac anomalies, ^vhethe^ 
or not they occurred in combination or alone, or if they were of primarj- 
or secondarj' imi)ortance. However, no case was listed if the single defect 
was either: 1, a patent foramen ovale under 1 year of age, unless it was 
] cm. or more in diameter, and completely or partially undefended to allow 
true admixture of venous and arterial blood or, 2, a patent ductus arteri- 
osus before the fir.st postnatal month, unless the patency was abnormally 
wide;™ or, 3, anomalies of the coronary' arteries, anomalies of the aorta or its 
branches, or the jmlmonary' arteries, or the great veins; or, 4, fenestrations 
of the semilunar cusps. 

In addition, two separate groujis of statistics ^vore made, and will be 
referred to as Group A and Group B, as follows: A, all types of significant 
congenital cardiac defects regardless of age; and, B, only cases over 2 years 
of age and with defects actually' \'ulnerable to the subsequent development 
of bacterial endocarditis. Thus, in Group B, dextrocardia, congenital 
rhabdomyomata, hypertrophy', heart block, and the like, were eliminated. 

Results. Table 1 shows the collected data on the principal items 
investigated at each hospital and the corresponding totals. 


Tahi.e 1 

— Data FnoM 5 Hospitals. 

P.B.B.H. B.C.H. M.G.H. 

Child H. 

Totals. 

Total number autopsies . 

4400 

15,638 

10,085 

3900 

34,023 

Autopsies C.H.D. , Group A* 

33 

123 

82 

215 

453 

Autopsies C.H.D., Group Bt 

31 

74 

55 

21 

181 

Autopsy % C.H.D., Group A 

0 7 

0 8 

0 S 

5.5 

1.3 

Autopsy % C.H.D., Group B 

0 7 

0 5 

0 5 

0 5 

0.5 

B.E. directly on C.H.D., A . 

4 

11 

9 

11 

35 

B.E. directly on C.H.D., B 

4 

11 

8 

7 

30 

% B.E. in C.H.D., Group A 

12 1 

8,9 

10.9 

5.1 

0.6 

% B.E. in C.H.D., Group B 

12 9 

14.9 

14 5 

33.3 

16.6 

Rheumatic infection in C.H.D. 

9 

4 

10 

2 

25 

B.E. solely on rheumatic site 
Key to abbrey'iations; 

3 

0 

1 

1 

5 


P.B.B.H. — Peter Bent Brigham Hospital, 1913-1940. 

B. C.H. — Boston City Hospital, 1896-1941, July 1. 

M.G.H. — Massachusetts General Hospital, 1897-1941, Aug. 1. 

Child. H. — Infants' and Childrens’ Hospitals, 1915-1940. 

(all in Boston) 

C. H.D. — Congenital cardiac defects. 

B.E. — Bacterial endocarditis and endarteritis, acute and subacute. 

* Group A, all types of significant congenital cardiac defects, all ages, 
t Group B, cardiac defects, only over 2 years of age, and vulnerable to the develop- 
ment of bacterial endocarditis. 


Congenital cardiac defects were present in 1.33% of the total 
autopsy' population (453 out of 34,023 cases), but only' 0.5% "'ere 
over 2 years of age (181 cases). The higher incidence in Group A 
was to be expected, as 60% of this group was under the age of 
2 years, for the more serious and more frequent complex lesions are 
usually' fatal early' in life. 

The incidence of superimposed bacterial endocarditis and enda^ 
teritis was 6.6% in Group A (35 of 453 cases) and 16.6% in Group 
(30 of 181 cases). Inasmuch as infectious endocarditis occurs bu 
rarely' below the age of 2 y'ears, its higher incidence in Group B is 
obvious. These results are comparable to those reported by' prei i 
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ous investigators (Table 2). The wide range of figures in this table 
may be accounted for partly by the variability of the criteria used in 
statistical studies. As pointed out by Roberts, these factors include: 
], the actual meaning of proportion: whether it is the number of 
cases of congenital heart defects per 1000 autopsies or deaths or 
admissions; 2, the variation according to the relative size of the age 
groups serving as a basis for the data: congenital heart disease is 
much less frequent over 2 years of age; and, 3, the influence of the 
degree of interest among clinicians and pathologists.^^ 

Table 2. — Incidence of Bactebiai. Endocarditis Among Congenital Cardiac 


Defects, as 

Found at 

Necropsy, 

From the 

Literature. 






B.E. in 



Total 

C.H.D., 


C.H.D., 

% B.E. in 

Author 

autopsies. 

autopsies. 

% C.H.D. 

autopsies. 

C.H.D. 

Abbott, M. £.■* . 

. 3633 

43 

1.2 



Abbott, M. E.= . . . 


656 


129 

19.6 

Do La Chapellc'” 

. SG83 

31* 

0.4 

9* 

30.0 

Philpott, N. AY .=5 . . 

. 7240 

80 

1.1 

5 

6.3 

Tcrplan and Sanes’’ 

330 

21t 

6.3 

It 

4.8 

Ash and Harshaw^ . 

. 1075 

34t 

3.2 

2t 

5.9 

Ranncls and Propst’“ . 

. 4255 

36 

0.9 

5 

13.9 

.lacobius and Moore-*’ . 

. 1600 

131 

8.1 

9 

6.8 


* Major types of congenital cardiac defects only, 
t Infants and children over 12 years of age only. 


Sex Didrihution. There were 245 (54%) males among the total 
group of 453 cases of significant congenital cardiac defects, and 
208 (46%) were females. In Group B, the proportion was 60% 
males to 40% females, a ratio of 3 to 2. This same distribution 
of the sexes held true among the 35 patients with superimposed 
infectious processes. The predominance of the male sex in congeni- 
tal heart disease both with and Avithout bacterial endocarditis has 
been borne out by the majority of previous reports (Table 3). 

Table 3.— .Sex Distribution in Cases of Congenital Cardiac Defects, 


Author 

From the Literature. 

C.H.D. 

autopsies. 

% male. 

% female. 

.Abbott, M. E.^ . 

859 

58.4 

41.6 

Leech, C. B.- 

170 

61.0 

39.0 

Tcrplan and Sanes’* 

21* 

57.1 

42.9 

.lacobius and Moore-*’ 

. , 131 

48.1 

51.9 

Rannels and Propst^*’ 

36 

61 1 

.38.9 

Gibson and Clifton*^ 

105* 

.59.0 

41.0 


* Infants and children under 12 years of ago only. 


Agr Didribufioii. Of the patients, 269 (60%) died before the age 
ot 2; 5 of those had developed bacterial endocarditis. For tlie 
remaining 184, no predominance was shown in any one age group; 
but of the 30 who had superimposed inflammatory processes. 80% 
died before the age of 40. The average age at death for patients 
with cardiac anomalies in Group B was 37 years, and for those with 
complicating infectious endocarditis, it was 22 years in Group A 
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and 26 years in Group B. Tiie highest incidence of bacterial endo- 
carditis in congenital hearts fell in the second and third decades. 

Of the 5 patients under 2 years of age who developed acute bac- 
terial endocarditis, 3 lesions were on the site of a congenital pulmonic 
stenosis, 1 of which was part of a tetralogy of Fallot, and 2 were on 
margins of or adjacent to a defect in the interventricular septum. 
The youngest of the entire group was a 3 week old baby girl, with 
bacterial endocarditis on an interventricular septal defect. The 
oldest patient to have a cardiac defect the site of a superimposed 
infectious process w'as a 02 year old man with a congenital bicuspid 
aortic valve. 

Rlicvmatic Infection. At this point, we should like to consider 
briefly the incidence of rheumatic infection in congenital heart dis- 
ease. Acquired rheumatic heart disease appears to be fairly com- 
mon among congenital eardiacs who reach adult life. This apparent 
predilection has been noted to be true espeeially of congenital bicus- 
pid aortic valves and of interauricular septal defeats. 

The incidence of rheumatic infection in hearts with congenital 
bicuspid aortic valves has been variously reported as between 16% 
and 44%, and that in hearts with interauricular septal defects 
as about 13%.^^ Lutembacher^ in 1916 deseribed a defeet of the 
interauricular septum associated with mitral stenosis, a eombina- 
tion that has since been referred to as Lutembacher’s syndrome. 

In the present series of 181 hearts with eongenital defects, 25 
(14%) had superimposed rheumatic infection. The nature of the 
cardiac defect was as follows: congenital bicuspid aortic valve in 
8 cases (15% of the 52 instances of this defect); interauricular septal 
defect in 5, 2 of which were considered true Lutembacher examples; 
interventricular septal defect, 4-cusped aortic valve, coarctation of 
the aorta, and accessory" septa, in 2 each; and patent ductus arteri- 
osus, bicuspid pulmonic valve, congenital pulmonic stenosis, and 
tetralogy of Fallot in 1 each. 

Subacute bacterial endocarditis was present in 8 of these 25 hearts, 
and in 5 was solely on the site of the rheumatic lesion. 

Significant Types of Congenital Defects. The total number of the 
most significant types of congenital cardiac defects, as found in all 
four hospitals investigated, is listed in the order of their frequency, 
together with the incidence of superimposed infectious processes 
(Table 4). Several of these defects will now be considered in greater 
detail. 

Interanricnlar Septal Defects. The most common of all congenital 
cardiac abnormalities was a defect in the interauricular septum. 
It was present in 40% of all hearts reviewed and in 25% of those 
over 2 years of age. In 85% to 90% of the cases, it was associated 
with other defects. Its relation to rheumatic infection has been 
indicated above. 

Of the 179 times this defect occurred, it was as a persistent ostium 
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secundum, including a widely patent foramen ovale 1 cm. or more 
in diameter, in 140 of them; as a persistent ostium primum in 20; 
as multiple defects in 9; and as the complete absence of the septum 
in 10. There were no instances of bacterial endocarditis complicat- 
ing an interauricular septal defect. This was significant consider- 
ing that 45 were over 2 years of age. 

Rokitansky^^ in 1875 gave the first complete description of this 
defect. Excellent recent reviews have been contributed by Roess- 
ler^^ in 1934, and by Bedford, Papp and Parkinson® in 1941. In 
these reports, too, the incidence of superimposed bacterial endo- 
carditis is extremely rare. 

Table 4, — Congenital Heart Disease in All 4 Hospitals, With Incidence 

OF Bacterial Endocarditis. 




Group A. 



Group B. 


Ts’po of defect. 

b.H.D. 

B.E. 

% b.e. 

b.H.D. 

B.E. 

% B.E 

Interauricular septal defects . 

179 

0 

0 

45 

0 

0 

Interventricular septal defects 

104 

17 

10.4 

31 

13 

41.9 

Patent ductus arteriosus 

1.34 

4 

3.0 

14 

4 

28.6 

ConRen. bicuspid aortic valve 

63 

11 

17.4 

52 

11 

21.2 

Congen. pulmonic stenosis 

43 

8 

IS. 6 

17 

5 

29.4 

Coarctation of aorta . 

33 

1 

3.0 

10 

1 

10.0 

Congen. bicuspid pulmonic 
valve 

21 

0 

0 

9 

0 

0 

Congen. pulmonary atresia . 

15 

0 

0 

2 

0 

0 

Cor triloculare biatriatum 

13 

1 

7.7 

2 

1 

50.0 

Congen. aortic stenosis 

11 

0 

0 

3 

0 

0 

Congen. tricuspid stenosis . 

9 

0 

0 

1 

0 

0 

Congen. mitral stenosis . 

7 

0 

0 

3 

0 

0 

Congen. subaortic stenosis 

2 

1 

50.0 

2 

1 

50.0 

Maladie do Roger 

44 

10 

22.7 

14 

8 

57.1 

Tctralogj'' of Fallot 

10 

• 2 

12.5 

7 

2 

28.6 


Inievvcntricxilar Septal Defects. Next in order of frequency was 
a defect of the interventricular septum, usually at the base of the 
heart, immediately posterior to the aortic valve. It was present in 
0.48% of all autopsies and in 36% of congenital hearts. One-fifth 
of the latter cases were over the age of 2 years. 

The frequent finding of vegetations on the margins of the defect 
in the interventricular septum and on the area of endocardial 
fibrosis at the point of contact of the blood stream on the wall of the 
right ventricle opposite the septal defect illustrate the importance 
of foci of mechanical stress.'' 

Acute or subacute bacterial endocarditis was present in 17 (10%) 
of the total of 164 hearts showing an interventricular septal defect; 
but in only 6 cases was the infectious process superimposed directly 
on the site of the defect. In the group of patients over 2 years of 
age, bacterial endocarditis was present in 13 (42%) of the 31 hearts 
with this defect, yet in only 5 (16%) was it directly on the septal 
defect. In the remainder of each group, the underlying site often 
included the tricuspid valve. 
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The name of Roger’^ is associated ^Yith uncomplicated localized 
interventricular septal defect. The incidence of bacterial endo- 
carditis in Roger’s disease was 23% in patients of all ages and 57% 
in those over 2 years of age. 

Patent Ductus Arteriosus. The ductus arteriosus completes its 
useful functions at birth and normally becomes obliterated by the 
end of the first postnatal month.’® Although it may remain open 
as a compensatory bypass for obstruction of the pulmonic or aortic 
valves, patency of the ductus constitutes an arteriovenous shunt 
from the descending aorta to the pulmonary artery, and thus diverts 
blood from the peripheral circulation. 

The flow of blood through the patent ductus arteriosus and against 
the wall of the pulmonary artery opposite to the ductal opening 
gives rise to local intimal thickening and the formation of atheroma- 
tous plaques at these sites.” These atheromatous areas tend to 
attract platelet thrombi which in turn become infected by organisms 
circulating in the blood stream and produce vegetations. In addi- 
tion to the ductus and the pulmonary artery, infectious processes 
are very apt to involve the aortic and pulmonic valves. In fact 
by the time the 4 cases of bacterial endocarditis with patent ductus 
in the present series were examined postmortem the vegetations in 
each instance had spread beyond the ductus to other parts of the 
heart. 

There were 134 instances of this defect, an incidence of 0.39% 
of all autopsies, and of 30% among congenital cardiac defects. 
Only 14 (10%) of these were over the age of 2 years, 4 (28.6%) of 
which had bacterial endarteritis or endocarditis. Ten of the 14 
cases were uncomplicated. The nature of tlie complicating defects 
in the other 4 was: tetralogy of Fallot in 2, bicuspid semilunar 
valves and coarctation of the aorta in 1 each. The defect was 
present in patients of every age group and the oldest was 65 years; 
yet 50% died in the second and third decades. Two of the 10 un- 
complicated cases had superimposed infectious processes. _ Both of 
these were between 20 and 30 years of age. The susceptibility of 
patients ndth patent ductus to bacterial endocarditis and endar- 
teritis may partly e.xplain why the uncomplicated defect is relatively 
less frequent in older individuals.” 

Recently a more optimistic attitude has prevailed toward the Me 
expectancy of patients with uncomplicated patent ductus arteriosus, 
since Gross and Hubbard,*’ in 1938, reported the first successful liga- 
tion of tills defect. The purposes of this operation are threefold. 
1, to relieve the cardiac strain and thus to avert future cardiac failure 
by diminishing the total work of the heart; 2, to prevent retardation 
of mental and physical development which otherwise niav resu 
from decreased output through the aorta; and, 3, to diminish the 
incidence of superimposed bacterial endarteritis and endocarditis. 
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At the present time, it is generally agreed by workers in this field 
that one can hardly foretell whether ligation of a patent ductus will 
actually diminish the incidence of bacterial endarteritis. It appears 
reasonable to believe, however, that if operation is performed early 
enough in life before thickened endocardial plaques are formed in 
the pulmonary artery, the possibilities of future superimposed infec- 
tious processes might be thwarted. 

Congenital Bim(spid Aortic Valve. The macroscopic criteria used 
to determine the congenital nature of the bicuspid aortic valve 
were first clearly defined by Sir William Osler^® in 1886. It was not 
until 1923 that the classic work of Lewis and Grant microscopically 
differentiated between the congenital and acquired lesions by noting 
the distribution of the elastic tissue of the aortic media and its 
relation to the annulus fibrosus.^'* 

Gross,*® in 1937, injected an element of doubt into the true ante- 
natal character of uncomplicated bicuspid aortic valve in adults 
by maintaining that the fused commissural raphe in these cases to 
be usually the result of acquired disease, frequently rheumatic in 
type. IColetsky,^* in his recent review, however, was not able to 
confirm Gross' contentions. Koletsky makes use of the original 
observations of Osier and of Lewis and Grant in pointing out that the 
differentiation of congenital and acquired fusion still depends on the 
gross and microscopic character of the congenital ridge and of the 
acquired commissural raphe. It is obvious that with confusion in 
pathologic interpretation accurate statistics of incidence cannot be 
available. 

The incidence of congenital bicuspid aortic valve in the general 
autopsy population was 1.5% in the present series. Among con- 
genital cardiac defects of all ages, it was 13.9% and in Group B, 
28.7 %. Eighty per cent of the cases with this defect were uncom- 
plicated, all over the age of 2. Of the associated anomalies, coarc- 
tation of the aorta and patent ductus arteriosus were the most 
frequent. The high incidence of uncomplicated lesions in adults 
may be due to the failure of infants and children with coexisting 
cardiac abnormalities to survive. 

Congenital bicuspid aortic valve is not in itself of serious import, 
bufits clinical significance is greatly increased by its tendency to 
undergo sclerotic processes and thus provide a nidus for the invasion 
of infective agents. Bacterial endocarditis was present in 17.4% of 
all cases of the defect in our series and in 21% of those in Group B. 
The incidence of tins complication in the literature-* ranges from 
0% to 66% with that reported by Lewis and Grant-* as 23%. 

Tetralogy of Fallot. In this anomaly (stenosis of the pulmonic 
I’alve, interventricular septal defect, dextraposition of the aorta, 
and hypertrophy of the right ventricle) the cusps of the stenosed 
pulmonic A-alve and the margins of the septal defect constitute 
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potential foci for eventual sclerosis, which in turn is predisposed to 
infectious processes. The incidence of the tetralogy of Fallot among 
congenital cardiac defects was 3.8% in Group B. Bacterial endo- 
carditis was present as a complication in 12..5% of all such cases and 
in 29% of those in Group B. 

Congenital pulmonic stenosis, not a part of the tetralogy of Fallot, 
both with and Avithout a defect in the interventricular septum, was 
present in 9.5% of all cardiac anomalies. Infectious processes 
supervened in 19% of all cases of congenital pulmonic stenosis and 
in 29% of these cases in Group B. 

As it is not the purpose of this paper to discuss all the different 
types of congenital cardiac defects, those anomalies that were not 
the sites of acute or subacute bacterial endocarditis or endarteritis 
in sufficient numbers Avill not be considered in further detail. 
Suffice it to say that, at the present time, of those congenital heart 
lesions predisposed to bacterial endocarditis, the most promising 
from the point of A'iew of prevention or cure are cases of patent duc- 
tus arteriosus and possibly interventricular septal defects. It is 
along these lines that we may expect further outstanding contribu- 
tions in the near future. 

Summary. The protocols of four Boston hospitals were revieAved 
to determine the incidence of acute and subacute bacterial endo- 
carditis and endarteritis among congenital cardiac defects. Special 
attention was paid to sex, age at time of death, type of cardiac 
defect and superimposed rheumatic infection. 

In 34,023 autopsies, 453 (1.3%) contained significant congenital 
cardiac defects, 181 of Avhich (40% of the 453) were in patients over 
the age of 2 years. 

EA'idence of bacterial endocarditis was present in 6.5% of the 
453 cases and in 16.5% of the 181 cases over 2 years of age. 

The distribution of males and females was in a proportion of 
3 to 2 in both the total group with cardiac defects and in those who 
showed infectious endocarditis. 

Sixty per cent of the patients died before the age of 2 years. For 
the rest, no predominance was shown in any one age group. The 
highest ineidence of bacterial endocarditis fell in the second and 
third decades. 

Twenty-five (14%) of the 181 hearts with congenital defects were 
further eomplicated by rheumatic infection. Congenital bicuspid 
aortic valve and interauricular septal defects were the most frequent 
underlying cardiac anomalies, and subacute bacterial endocarditis 
was present in 8 of these 25 rheumatic hearts. 

The incidence of bacterial endocarditis in the most significant 
cardiac defects was as follows: interauricular septal defects, none, 
interventricular septal defects, 42% of all and 57% of the uncom- 
plicated cases over 2 years of age; patent ductus arteriosus, 28.6% 
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of all and 20% of the uncomplicated cases over 2 years of age; 
bicuspid valves, 17.4% of all and 21% of those over 2 years of age; 
tetralogy of Fallot, 12.5% of all and 29% of those over 2 years of 
age; pulmonic stenosis, 19% of all and 29% of those over 2 years 
of age. 

We would like to express our appreciation to the Pathology Departments of the 
Boston City Hospital, the Massachusetts General Hospital, and the Infants’ and 
Childrens’ Hospitals for permission to review their autopsy records. 
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THE ACTION OF FUKMETHEDE (FDRFUEYIr-TRIMETHYL- 
AMMONIDM IODIDE) ON THE CARDIOVASCULAR 
SYSTEM IN MAN.=^ 

By I^. K. Bondy 

AN'» 

M. D. Altsciiule, 

BOSTON, MASS. 

(From the Medical Research Laboratories and the Medical Service, Beth Israel 
Hospital, and the Department of Medicine, Harvard Medical School.) 

The use of Furraethide (furfuryl-trimethyl-ammonium iodide) in 
the treatment of paralysis of the bladder has recently been studied.' 
Furmethide is closely related chemically to mecholyl, doryl, acetyl- 
choline and muscarine, all of which strongly influence cardiovascular 
function. It was therefore thought to be essential to study the 
action of Furmethide on the cardiovascular system, in order to 
determine the dosages which are safe and comfortable for use in 
man. Other investigators have reported observations on a small 
number of patients of the effects on the cardiovascular system of 
from 1 to 6 mg. administered subcutaneously-'® and from 5 to 
20 mg. administered by mouth.® In the present study, the effects 
of these and larger doses have been studied more e.\tensively in a 
larger number of subjects. 

Material and Methods. Thirty-two experiments were done on 29 sub- 
jects, varjnng in age from 15 to 55 3mars; 14 were men. None had cardio- 
vascular, pulmonary or gastro-intestinal disease. All studies were made 
with the subjects in the semirecumbent position several hours after the 
last meal; the subjects rested for at least 15 minutes before the start of the 
experiment. Measurements of blood pressure, pulse and respiratorj' rates, 
and in some cases of venous pressure, were then made and repeated until 
constant. The drug was then given subcutaneouslj% or orally in the fonn 
of tablets; in a few instances Furmethide was dissolved before oral admmis- 
tration to facilitate absorption from the intestinal tract. Of the subjects 
receiving Furmethide parenterally, 5 received 3 mg.; 6 received 5 mg.; 
4 received 7 mg.; 5 received 10 mg.; 1 received 20 mg. Of the subjects 
receiving the drug orally, 4 received 10 mg.; 5 received 25 mg.; 1 received 
35 mg. 

'l\1ien Furmethide was given subcutaneousb’’, the pulse rate and venous 
and arterial blood pressures were measured every minute, and an electr^ 
cardiogram was taken every 5 minutes; observations of respirator}'' rate 
and oral temperatures were also made from time to time. When the drug 
was given orally, pulse rates and arterial blood pressures were measured 
every 5 to 15 minutes, at which time an electrocardiogram was also taken. . 
Signs and symptoms of side reactions were noted when they occurred. 

Observations. Ptihe Rate. Tachycardia occurred in all but 2 of 
the patients receiving the drug parenterally, the maximal rise m 

* This investigation was aided by a grant from the Smith, Kline and French 
Laboratories, Inc. 
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pulse rate varying between 10 and 40 beats per minute (Figs. 2 
3, 4). The tachycardia began within 2 minutes after the adminis- 
tration of the drug, reached its maximum within 5 minutes, and was 
maintained to some extent for as long as 60 minutes in some in- 
stances, although usually the pulse rate returned to normal in 
30 minutes. The amount of rise in pulse rate was somewhat greater 
with large doses, but not in ratio to the increment of dosage. 

No changes in pulse rate occurred during periods of obser^’^ation 
as long as 2 hours in patients receiving the drug orally. 

Systolic Blood Pressure. A fall of systolic blood pressure was 
observed in 18 of the 21 patients receiving the drug parenterally 
(Figs. 1, 2, 3, 4). In these cases the decrease began within 1 to 
3 minutes after the administration of the drug, reached its maxi- 
mum within 5 minutes and disappeared within 5 to 45 minutes; in 
all instances but 1 in which the fall was more than 15 mm. of mer- 
cury, normal levels were reached within 10 minutes. The amount 
of maximal decrease ranged between 10 and 40 mm.; it was greater 
than 15 mm. in only 6 of the 18 instances, being more than 20 mm. 
in only 2. In 12 cases the fall in systolic pressure was followed by 
a rise above the control level. In 2 cases no fall of systolic pressure 
occurred, and in 1 case a rise was observed from the very time of 
injection. Although more marked depression of the blood pressure 
was usually seen with larger doses of the drug, this was not a con- 
^stant finding. The only instance in which a rise of systolic pressure 
without a fall at any time occurred in a patient receiving 10 mg. 
subcutaneously. 

No patients receiving the drug orally showed any change in 
systolic pressure. 

Diastolic Blood Pressure. In patients receiving the drug by 
injection, a fall of diastolic pressure occurred within the first 3 min- 
utes of the experiment; the maximum fall was noted shortly after the 
maximal fall of the systolic pressure, and the diastolic pressure 
returned toward normal at a much slower rate than the systolic, 
often remaining somewhat depressed up to 45 minutes after the 
administration of the drug (Figs. 1, 2, 3, 4). The maximal fall in 
diastolic blood pressure was between 10 and 35 mm.; it was greater 
than 20 mm. in only 6 instances. 

. Patients receiving the drug orally showed no change in diastolic 
blood pressure. 

Venous Pressure. The venous pressure was measured in 8 patients 
receiving the drug by .injection (Figs. 1, 2, 3, 4). In all cases a rise 
of venous pressure was observed 1 to 3 minutes after the adminis- 
tration of the drug. The rise reached a maximum within 5 to 
20 minutes and returned to the control level within 40 minutes of 
the beginning of the experiment. The maximal rise in venous 
pressure was between 0.5 and 5.5 cm. of water. The variations in 
venous jjressure aiijieared to be related to the degree of flushing 
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shown by the patient rather than the variations in arterial blood 
pressure. 

Elccirocardiogravis. In no case were changes in the P-R interval 
or the form of the T wave noted. Tachycardia was a constant 
occurrence; however, the P-R interval did not become significantly 
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shortened even when the heart rate increased strikingly. Extra- 
systoles, both ventricular and auricular in origin, were seen in 
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Fig. 3.— The effect of subcutaneous injection of 7 mg. of Furmethide. 
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Fig, 4.— The effect of subcutaneous injection of 10 mg. of Furmethide. 
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several patients. In no case was their incidence during the period 
of action of the drug higher than during the control period. 

Capillaries of ihc Skin. In patients receiving the drug by injec- 
tion, flushing and a subjective feeling of warmth were observed 1 to 
2 minutes after the beginning of the experiment. The reaction 
reached a peak at approximately 5 minutes and disappeared within 
10 to 30 minutes after injection. As noted above, the onset and 
severity of the flush were paralleled by changes in venous pressure. 

Patients receiving the drug orally failed to show any capillary 
response during the first hour of observation. In 1 patient receiving 
10 mg. dissolved in water after a fast of IS hours, mild vasodilatation 
occurred after 1 hour. No other patients receiving 10 mg. orally 
showed evidence of reactions. Of the patients receiving 25 and 
35 mg. orally, all except 1 experienced feelings of mild flushing 2 to 
4 hours after taking the drug. These reactions lasted up to 1 hour. 

Ollier Reactions. Bladder. All patients receiving the drug par- 
enterally who had not emptied their bladders shortly before the 
beginning of the experiment experienced a desire to urinate. In the 
case of the patient receiving 20 mg. subcutaneously, urgency was 
experienced when the bladder contained only 35 cc. of urine. None 
of the patients who received the drug orally experienced any imme- 
diate desire to urinate ; it was impossible to state whether or not desire 
to void which occurred later was a result of the action of the drug. 

Gastro-iniesiinal. Two patients receiving 3 mg. of the drug par- 
enterally experienced mild transitory nausea; both were kno^^^l to 
be of a neurotic temperament. No other gastro-intestinal symptoms 
occurred, except in 1 small woman who had mild fleeting lower 
abdominal cramps and in 1 patient who experienced hunger con- 
tractions lasting about 1 minute, both occurring with a dosage of 
10 mg. subcutaneously. These reactions occurred within 5 minutes 
after the administration of the drug. 

Respiration. No effects on rate or rhythm of respiration were 
noted in any patients. 

Salivary Glands. Patients receiving the drug parenterally experi- 
enced increased salivation within the first 5 minutes of the experi- 
ment. The degree of reaction varied with the dose. No effect on 
salivation was noted in patients receiving the drug orally. 

Eyes. Patients receiving large amounts of the drug parenterally 
complained of lacrimation. Small subcutaneous doses had no visible 
effect on the activity of the tear glands. Two patients who had 
received 10 and 20 mg. respectively subcutaneously noticed blnrring 
of distant vision and loss of ability to accommodate. In 1 case 
the patient found his temporarj' myopia relieved by minus lenses. 
This effect lasted up to 2 hours. 

Skin. In addition to the flush described above, all patients 
receiving the drug parenterally exhibited copious sweating during 
the period of the flush. 
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Discussion. The work of Fellows and Livingston^ showed that 
Furmethide has a general parasympathomimetic effect in animals, 
its greatest action being exerted on the bladder and the circulatory 
system. The threshold dose for increasing bladder tonus in the cat 
was equal to that producing minimal blood pressure depression. 
Vomiting and diarrhea occurred onV after the administration of 
very large doses; respiratory depression was a terminal effect of 
excessive dosage in these animals. In man, on the other hand,^ 
changes in blood pressure have been variable after the subcutaneous 
administration of doses of 1 to 6 mg.; tachycardia, however, has 
been a constant occurrence. In a few instances prolongation of the 
P-R interval and flattening of the T waves of the electrocardiogram 
have been described. 

The results of the present studj^ demonstrate that the major 
cardiovascular action of Furmethide is on the flne blood-vessels. 
The discomfort arising from its use in doses over 7 mg. subcutane- 
ously arises from the intense subjective feeling of heat associated 
with the action of the drug in producing a dilatation of the vessels 
of the skin ; heat is lost so rapidly from the hyperemic skin that the 
feeling of intense warmth may be followed by sensations of cold 
and even shaking chills as the body temperature falls. In doses of 
3 to 5 mg. subcutaneously, the feeling of warmth is usually not dis- 
tressing. This is important, since this lower dosage range is effec- 
tive for the treatment of atony of the bladder. ^ Even when capillary 
dilatation is extreme, changes of pulse pressure are not marked. 
Decreases of arterial blood pressure are transitory and not great. 
The administration of as much as 35 mg. by mouth produces only 
slight flushing which is not uncomfortable. Patients receiving 
Furmethide parenterally should be kept covered and in bed until 
the flush reaction has worn oft', in order to guard against great losses 
of body heat during the sweating and vasomotor reactions. 

The rise of venous pressure which occurred in the present studj^ 
was associated with the onset of vasodilatation and is probably a 
consequence of the transmission of arterial pressure through the 
dilated smaller vessels of the tissues. The tachycardia may be due, 
at least in part, to activation of the Bainbridge reflex^ by the 
increased venous pressure. The occurrence of the tachycardia ap- 
pears to contraindicate the use of the drug parenterally in patients 
with evidences of heart disease. The transitory fall in blood pressure 
may he hazardous to patients with symptoms of coronary artery 
insufficiency; accordingly, large doses .should not be used in such 
patients until after it has been shown that the .smallest doses have no 
effeet. Whenever possible, the drug should be given orally to 
parents in whom the possibility of significant cardiac disease exists. 

Side reactions other than those already discussed— gastro-inte.s- 
tinal, salivary and ocular — occur only when large doses are given 
and arc not dangerous, although the paralysis of accommodation 
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may be annoying. liiffects on the gastro-inte.stinal motility are so 
insignificant that Furmethide is probably safe to use even in the 
presence of disease of the gastro-intestinal tract. 

Summary and Conclusions. The reactions of 29 patients to the 
parasympathomimetic drug Furmethide (furfuryl-trimethyl-ammo- 
nium iodide) in parenteral doses of 3 to 20 mg., and in oral doses of 
10 to 35 mg., Avere studied. Particular attention was paid to its 
effects on the cardiovascular system. Transient falls of sy.stolic 
and diastolic blood pressures, tachycardia and rises of venous 
pressure occurred in patients receiving the drug parenterally. No 
such reactions occurred in patients receiving the drug orally. The 
side reactions include flush, sweating and urgency of urination. In 
the doses recommended for the treatment of atonic bladders (?’. e., 
3 to 5 mg. subcutaneously or 10 to 25 mg, orally) these reactions 
were not so marked as to make the patient uncomfortable. 

The drug may safely be repeated after an hour when given sub- 
cutaneously, or after 4 hours when given orally. 

Large doses of Furmethide should not be given parenterally to 
old patients or patients with knoAvn heart disease, as the tachycardia 
and fall in blood pressure may give rise to myocardial infarction. 
Very small doses should be used first in such patients, gradually 
increasing the dose after it has been shown that the smallest doses 
are rvithout effect. The use of Furmethide by the oral route appears 
to be preferable in patients with heart disease. 

Patients receiving Furmethide parenterally should be kept cov- 
ered and in bed until the flush reaction has worn off, in order to guard 
against great losses of body heat during the sweating and vasomotor 
reactions. 
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THE MECHANISM OF ARTERIAL HYPERTENSION IN 
EXPERIMENTAL HYDRONEPHROSIS.* 
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(From the Cardiovascular Department, Michael Reese Hospital.) 

The fundamental relationship between the kidney and some 
forms of arterial hypertension is now clearly established. Clinica 
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evidence^’’®"''' continues to accumulate suggesting that hydronephro- 
sis has been an etiologic factor in some cases of chronic hypertension. 
These conclusions are supported by numerous experimental observa- 
tions. However, attempts to induce protracted hypertensive 
states by experimental hydronephrosis have in general led only to 
slight transient elevations in the systemic arterial pressure. In an 
effort to formulate more conciselj'^ the mechanism whereby hydro- 
nephrosis produces elevations in blood pressure, we have further 
investigated this problem. 

Methods. Trained dogs were used in all experiments, the period of 
training being considered complete when the diastolic pressure on 3 succes- 
sive determinations showed a A^ariation of less than 5 mm. Hg. Blood 
pressures were recorded from the femoral artery of the unanesthetized dog 
by means of the Hamilton needle manometer.'' Hydronephrosis was pro- 
duced by (a) partial or complete constriction of the ureter with a Goldblatt 
clamp, or (b) by cannulation of the ureter to the inferior A'^ena cava or one 
of its tributaries.”® Operations A\'ere performed aseplically under nembutal 
or ether anesthesia, the latter being emplo 3 ’^ed in order to ensure rapid 
elimination of the anesthetic agent postoperatiA'ely. Frequent blood non- 
protein nitrogen determinations AA'ere made prior to and folloAA’ing surgery. 
All animals Avere autopsied soon after death and the experiment discarded 
if gross hydronephrosis AA^as not present. 

For purposes of a more complete analysis, some experiments previouslj’^ 
reported® have been incorporated into the present study. Including these, 
the effects of the folloAving procedures AA'ere initiallj’- investigated: (a) 
bilateral lij'^dronephrosis folloAving complete and partial ureteral occlusion ; 
(b) unilateral hydronephrosis; and (c) unilateral hydronephrosis and contra- 
lateral nephrectomy. As the problem deA’-eloped, it Avas found that at- 
tempts to produce chronic hypertension by uncomplicated hj'^dronephrosis 
Avere unsuccessful. Accordingly, the effect of combining unilateral hj^dro- 
nephrosis Avith constriction of the contralateral renal artery Avas studied. 
In some of these animals the ischemic kidney AA^as later remoAmd. 

Results. Tlie date on all series of experiments are summarized 
in Tables 1 to 6. 

1. The Effect of Bilateral Hydronephrosis Following Complete 
Ureteral Occhision. Complete bilateral ureteral occlusion resulted 
in a definite hypertension in 4 and a mild liA'pertension in 2 dogs 
0'-24, V-26, V-2S, W-13, W-19, W-20. Table 1) out of 7. The 
blood pressure elcAmtion persisted until death in uremia occurred 
2 to 6 days postoperatiA'ely. 


Table 1. — Effect ox Blood Pressure of Cojiplete Occlusiox of Both Ureters. 


Doa No.: 

A-24. 

A'-2G. 

A'-2S. 

A'-S7. 

AA’-IS. 

AA’-19. 

AA'-20. 

Rlood PnESsunn: 

S. 

D. 

S. 

D. 

S. D. 

S. D. 

s. 

D. 

S. 

D. 

s. d' 

Control (before oper.) 

U.ny (poslop.): 

140 

SO 

ISO 

7.A 

ICO S.A 

140 S5 

175 

SO 

150 

SO 

115 65 

I 

l.AO 

90 

120 

90 

13.A 100 

175 So 

150 

90 

1S5 

105 

125 Co 

O 

10,5 

90 

dead 

dead 

dead 

1S5 

105 

220 

140 

120 SO 

a 

I “.A 

100 





dead 

215 

135 

175 110 

4 

170 

100 







dead 

dead 



140 

SO 










6 

dead 










Cause of tlcath 

uremia 

pneumonia 

pneumonia 

pneumonia 

uremia 

uremia 

uremia 


uremia uremia 

5^ « Moot! pressure in mm. He. 

D « diastolic Mood pressure in mm. Hp, 
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2. The Effect of Bilateral Hydronephrosu F allowing Partial Ureteral 
Occlmion. Postoperativelv the systemic arterial pressure rose in 5 
of 7 dogs (W-44, W-49, W-50, W-53, Vi-78, Table 2). The eleva- 
tion was maintained for a period of 3 to 80 days, the pressure then 


Table 2. — Effect os Blood Pressure of Bilateral Partial Ureteral 

Occlusion'. 


Doo No.: 

W-14. 

w- 

7. 

\V-49. 

3V-50. 

w-51. 

W-53. 

W-78. 

Blood Pressure: 

S. D. 

s. 

D. 

S. 

D. 

S. 

D. 

S. D. 

S. 

D. 

S. D. 

Control (before oper.) . 

170 100 

1.35 

85 

155 

85 

170 

85 

150 80 

170 

75 

140 75 

Day fpostop.): 












1 . ... 

175 120 

150 

85 

IG5 

no 

150 

100 

no 75 

145 

85 

150 85 

2 

205 140 





ICO 

100 

dead 



175 110 

3 

190 135 

170 

05 

190 

105 




175 

no 

175 90 

4 . . 

dead 





ICO 

100 





5 


115 

(m 

170 

90 

160 

120 





6 . 


dead 








170 85 

7 




140 

105 







s . 




150 

105 

145 

90 


ICO 

95 


10 . . 






ICO 

120 


150 

95 











dead 


15 . 






135 

85 




200 100 







dead 





20 . . 




135 

0.5 






170 85 

30 . . 




125 

75 






175 100 





dead 







50 . 











165 S5 

70 . . 











150 115 

80 











125 100 












dead 

Cause of death . . . 

uremia 

pneumonia 

pneumonia 

pneumonia 

uremia 

pneumonia 

uremia 


S « sj’stolic blood pressure in mm. Eg. 
D diastolic blood pressure in mm. Hg. 


tending to return towards the control level in some W-50, 

W-53). In 1 dog (W-44) the severe hj'pertension was maintained 
until death in uremia 4 daj's following operation. In this instance, 
it was noted that ureteral occlusion was almost complete. _ No sig- 
nificant blood pressure changes appeared in the remaining dogs 
OV-47, W-51, Table 2). 


Table 3. — Effect of Complete Unilateral Ureteral Occlusion. 

W-57. 


Dog No.; 

V-32. 

W-16. 

W-22. 

W-26. 

W-32. 

W-55. 

Blood Pressure: 

s. 

D. 

s. 

D, 

S. 

D. 

S. 

D. 

S. 

D. 

s. 

D. 

Control (before oper.) 
Da}' (postop.): 

150 

85 

150 

85 

150 

70 

140 

75 

150 

85 

150 

75 

1 . . . . 

163 

95 

150 

So 

150 

75 

155 

75 

16.5 

05 



2 . 

170 

105 







170 

105 

155 

80 

3 . 

160 

100 

155 

90 

ICO 

SO 



160 

100 



4 . . 

150 

85 

150 

90 



170 

65* 

150 

85 






dead 









8 . . . 





145 

80 

170 

90 












dead 




75 

12 ... . 

175 

00 



125 

50 



175 

90 

145 


20 

:i0 


100 

150 


dead 


145 So 
dead 


145 85 


155 on 
dead 


150 75 

dead 


S. D. 
165 SO 

160 75 

140 50 

225 130 

190 100 
190 105 

18.5 S5 
dead 


Cause of death . . sacrificed pneumonia unkuowD pneumonia sacrificed sacrificed peritonitis 


• Dog excited. 

S = systolic blood pressure in mm. Hg. 
D = diastolic blood pressure in mm. Hg. 


W-65. 
150 75 


!(» la 


ivi so 

150 ■ Ol 

1.50 70 
150 70 
dead 
unknown 
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3. The Effect of Unilateral Hydronephrosis. Unilateral hydro- 
nephrosis produced a transient elevation in arterial pressure lasting 
for periods up to 50 days in 3 out of 8 dogs (V-32, W-32, W-57, 
Table 3). This confirms the observations of Hartwich.® 


Table 4. — Effect of Unilateral Occlusion and Contralateral Nephrectomy. 


Dog No.: 

W-25. 

W-54. 

W 

-79. 

X-45. 

Y-3G. 

Blood Phessobb: 

s. 

D? 

S. 

D. 

' S. 

D. ' 

S. 

D. 

S. D.' 

Control (before oper.) 

130 

75 

150 

75 

170 

80 

155 

80 

155 80 

Day after operation . 

L.U.C. 

L.U.C. 

L.U.C. 

L.N. 

L.N. 

1 . . . . 

120 

70 

170 

80 

155 

75 



150 90 

2 ... . 







185 

100 


3 .... 





175 

100 

175 

90 


4 ... . 

145 

80 

195 

105 






0 . . 







150 

90 


S . . . . 









135 80 

15 .... 









135 70 

21 .... 





140 

70 




31 .... 



175 

85 






45 .... 





185 

100 




71 .... 



175 

105 






79 .... 





140 

75 




99 .... 





175 

90 




137 .... 





175 

90 




145 .... 



180 

85 






1G3 .... 



210 

120 






175 . 



175 

90 







R.N. 

R.N. 

R.N. 

R.U.C. 

R.U.C. 

1 . . 



200 

90 

185 

90 

150 

95 


2 ... . 

140 

SO 





175 

100 

190 120 

3 . 





195 

95 

180 

105 

200 120 

4 . . . 

125- 

75 

150 

75 



200 

120* 









dead 


5 ... . 

dead 







dead 

G . . . . 





215 

125* 









dead 




7 ... . 



210 

100 









dead 






Cause of death 

sacrificed 

uremia 

uremia 

uremia 

sacrificed 


uremia 

pneumonia 







* Agonnl. 

S = systolic blood pressure in mm. Hg. 

D = diastolic blood pressure in mm. Hg. 

U = left. 

R = right. 

N = nephrectomy. 

U.C. = ureteral occlusion. 

4. The Effect of Unilateral Hydronephrosis and Contralateral Neph- 
rectomy. In 3 dogs the contralateral normal kidney was removed 
after the ureteral occlusion and in 2 dogs the nephrectomy was done 
prior to the unilateral ureteral occlusion (Table 4). The time 
sequence of nephrectomy to ureteral occlusion had no apparent 
determining effect on the subsequent blood pressure changes. In 3 
of these animals (W-79, X-45, T-36, Table 4) hypertension devel- 
oped when a single hydronephrotic kidney remained (Fig. 1). This 
elevation in blood pressure persisted until death in uremia 4 to 
fi days postoperatively; the onset, intensity and duration of the 
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blood pressure change was similar to that following complete bi- 
lateral ureteral occlusion (Table 1). One animal (W-54, Table 4) 
developed a Huctuating hypertension following unilateral hydro- 
nephrosis, but showed no further blood pressure changes following 
nephrectomy. The remaining dog (W-25, Table 4) showed no blood 
pressure variations although excretory insufficiency followed removal 
of the normal kidney. 



5. The Effect of Unilateral Renal Ischemia* and Contralateral 
Hydronephrosis. Unilateral renal ischemia was produced in 8 dogs 
by the method of GoldblatU after which the arterial pressure was 
determined frequentlj'' until it remained relatively stabilized at the 
preoperative control, or at a higher level. In 6 dogs (U-Sl,.U-89, 
U-99, V-2, V-66, W-86, Table 5) the addition of contralateral hydro- 
nephrosis was followed by an elevation in blood pressure lasting 
for periods of from 3 to 9 days (Fig. 2). The remaining 2 dogs 
(V-46, X-100, Table 5) showed no significant blood pressure varia- 
tion following this procedure. These blood pressure changes ap- 
peared within 24 hours following ureteral obstruction and persisted 
at the new levels with but minor fluctuations until the animals died 
or were sacrifieed. In 4 of the dogs (U-81, U-89, V-2, W-86) the 
elevation in arterial pressure was accompanied by a progressive rise 
in the blood NPN, the animals dying or were sacrificed in uremia 
within o days following contralateral hydronephrosis. 

* Bj' the term renal ischemia, we imply those changes which occur in the Wdne3 
following constriction of the renal artery' with a Goldblatt clamp, be it actual ischenne. 
diminished pulse pressure, changes in pulsatile flow or other factors 
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Table 5.— Effect on Blood Pressure of Contralateral Ureteral Occlusion 
Following Unilateral Renal Artery Constriction. 


Dog No.; 

TJ-81. 

U-89. 

H-OO. 

V-2. 

V-16. 

V-66. 

IY-80. 

X-100. 

Blood Pkessuiie: 

S. 

D. 

s. b. 

S. 

D. 

S. D. 

S. D. 

S. 

D. 

S. 

D. 

S. 

D 

Control (before oper.) 

150 

75 

155 85 

ICO 

75 

ISO 75 

165 75 

150 

75 

150 

85 

120 

65 




Unilateral Renal Artery Constriction . 







Ijcvel after operation . 

200 

105 

175 80 

185 

85 

150 75 

150 80 

1.55 

70 

1,50 

90 

125 

60 




Contralateral Ureteral Occlusion. 







Day after 2d oper.: 










175 

105 

145 

90 

1 . . . . 

225 

no 

215 125 

215 

100 

175 no 

155 75 

175 

90 

2 ... . 

2.50 

135 

200 100 



200 125 




165 

95 



3 ... . 

215 

125 

225 130 

225 

105 

ICO 100 

150 75 

175 

95 





i ... . 

250 

135 

225 115 

225 

105 

160 100 



t 

215 

115 



ii ... . 

225 

120* 

dead 



dead 


180 

80 

dead 



(>.... 

220 

120 


215 

115 


170 70 

dead 





~ f 

( ... . 

220 

115 


240 

120 


dead 







R ... . 

240 

140 










125 

75 

11 ... . 

dead 


235 

115 









10 . . 




dead 









10 ... . 












1.30 

65 

27 ... . 






• 






100 

75 

■41 ... . 












dead 

Cause of death 

uremia 

sacrificed 

sacrificed 

uremia 

sacrificed 

sacrificed 

uremia 

uremia 


* Ilydronephrotic kidney removed earlier in day. 
t Ischemic kidney removed. 

S = systolic blood pressure in mm. Hg. 

D = diastolic blood pressure in mm. Hg. 



‘ * 1 » ■ ■ t t 

O DAYS 5 lO IS 20 25 30 35 


Fig. 2 (U-SO). 


These results differ strikingly from those observed when the main 
renal artery of the contralateral kidney was not constricted (Table 3). 
In the latter instances, none of the dogs died in renal excretory in- 
sufficiency. 

G. The Effect of Removal of the Ls-chcinic Kidncif in Dogs With 
Unilateral Renal Ischemia and Contralateral Hiidroncphrosis. Nine 

VOL. 204. NO. 3. — SF.PTEMtir.it, 1042 12 
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dogs with unilateral renal artery occlusion and contralateral hydro- 
nephrosis were observed for periods of 1 to 150 days prior to the 
removal of the ischemic kidney (Table 6). In 1 (A^-38) the nephrec- 
tomy was done at the same operation as the contralateral ureteral 
occlusion. In 5 of these 9 dogs (U-90, U-94, V-93, X-59, X-90, 
Table 6) the addition of the hydronephrosis produced an elevation 
of the blood pressure; in 1 (X-90) the elevation was from a normo- 
tensive level, in the others it was an aggravation of a preexisting 
hj^pertension. This compares with the experience in the preceding 
series (Table 5) in which the rise was from a normotensive level in 
5 out of 6 (U-89, U-99, V-2, V-66, W-86, Table 5) and from a hj^per- 
tensive level in 1 (U-81, Table 5). We were able to produce a 
chronic sustained elevation of arterial pressure in 3 dogs (V-93, 
W-58, X-90, Table 6) lasting for periods of 95, 107 and 84 days 
respectively prior to nephrectomy (Fig. 3). 



In the series shown in Table 6, an elevation in the blood non- 
protein nitrogen occurred in all 5 of the animals showing elevation 
of blood pressure following the contralateral hydronephrosis, and 
this was true also in the series of Table 5 showing a blood pressure 
rise under similar circumstances. 

In 7 animals (U90, U-94, V-3S, V-9.3, W-5S, X-59, X-90. Table 6) 
nejihrcctomy was followed by a persistence (Fig. 3) or increase in 
intensity of the hypertension. 

In the other 2 animals (W-G9 and Y-43, Table G) removal of the 
Goldblatt kidney was without cfi'ect since no hypertension developed. 



348 


SIEGIIiOW, KATZ, KODnARD: 


Discussion. Transient hypertension followed partial ureteral con- 
strietion, and a marked hypertension lasting up to 5 days was 
induced bj' se^•ere bilateral hydronephrosis or by hydronephrosis in 
uninephrectoinized dogs. Death in uremia terminated the latter 
experiments. In 3 animals a protracted elevation of the arterial 
blood pressure unaccompanied by azotemia was induced by adding, 
at a later date, unilateral hydronephrosis to contralateral renal artery 
constriction. Persistent systemic arterjal hypertension did not 
occur W'ith uncomplicated hydronephrosis. 

Removal of the contralateral ischemic kidney after hj^dronephrosis 
had been induced led to a sharp fall in blood pressure toward the 
normal level.*'*’ This w’as followed, however, by a gradual increase 
in blood pressure in 7 out of 10 experiments due to the h 3 'pertensive 
action of the hj-dronephrotic kidne.\^ Hj-pertension, in these in- 
stances, persisted in most of the animals until death in uremia, 
which occurred from 3 to 25 day's aftenvards. 

The 3 occasions in this series in which renal failure was present 
without hypertension offer additional support to the thesis that the 
e.xcretory and h.vpertension-producing mechanisms of the kidney are 
unrelated."*' 


Renal hypertension appears to depend upon the ratio of ischemic 
to normal kidney tissue.®'"” In hj'dronephrosis both of these fac- 
tors are affected. The initiating process is a rise in ureteral and 
intratubular pressure which decreases renal blood flow-’® and there- 
fore ma.v produce true renal ischemia. Of course, the other modifi- 
cations in renal blood flow' which occur in renal artery ligation are 
also produced to some e.xtent in hj'dronephrosis. The amount of 
renal ischemia varies with the duration and intensity' of the de- 
creased blood flow'. The increased intratubular pressure also results 
in a certain amount of hy'dronephrotic atrophy' of the normal renal 
parenchy'ma. The magnitude and course of the resulting hyperten- 


sion depends upon these two factors as well as the compensatory 
increase in normal renal tissue in the opposite kidney'. This 
phenomenon of contralateral compensatory' renal hy'pertrophy ex- 
plains the occurrence of transitory' hy'pertension in unilateral hydro- 
nephrosis. Thus, tw'o fundamental processes advance simultane- 
ously' in the same kidney' to increase the amount of ischemic and to 
decrease the amount of normal renal substance. Just as in renal 
arterial constriction, so it is possible that in hy'dronephrosis, renal 
excretory' insufficiency' may' develop w'ithout the occurrence of hyper- 
tension if the decrease in normal parenchy'ma is inordinately' greater 
than the amount of ischemic renal tissue. In such an event the 
process leads primarily' to destruction of normal kidney' tissue, am 
this may' become great enough to simulate complete nephrectomy • 
In those e.xperiments in w'hich ureterovenous anastomosis was 
used to produce hy'dronephrosis the possibility' exists that the reentry^ 
of pressor substances, such as have been extracted from the urine. 
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may have been responsible for the hypertension that developed. 
However, this is unlikely since in 2 dogs in this series in which the 
anastomosis was subsequentlj’^ interrupted and the urine allowed to 
drain to the exterior of the bodjq the induced blood pressure changes 
remained. 

The transitory azotemia accompanying unilateral hydronephrosis 
indicates that with time the opposite kidney increases its activity to 
overcome the renal excretory insufficiency. A similar and more per- 
sistent renal excretory insuflaciency developed, in this investigation, 
in 13 out of 18 dogs with unilateral hydronephrosis and contra- 
lateral restricted renal blood supply. The long persistence of renal 
excretory insufficiencj’- in these animals may indicate that the kid- 
ney with a restricted blood supplj'^ may not be able to increase its 
mass and so cannot compensate for the decrease in renal excretory 
function. This kidney has lost its capacity for hypertrophy and 
hence its “reserve” has been diminished. It would seem, therefore, 
that constriction of the renal artery produces a type of renal excre- 
tory insufficiency which is “ subclinical ” and which cannot be 
demonstrated by our present methods of analyzing renal excretory 
function. The addition of hj^dronephrosis on the opposite kidney 
is required to make this latent insufficiency manifest. 

Summary. 1. Complete unilateral ureteral occlusion in unineph- 
rectomized dogs and complete bilateral ureteral occlusion are fol- 
lowed by a rise in the systemic arterial blood pressure which persists 
until the animals die in uremia. 

2. Partial bilateral and complete or partial unilateral ureteral 
occlusion are followed by a transient elevation of the arterial blood 
pressure. 

3. The addition of unilateral hydronephrosis to contralateral renal 
ischemia intensifies any tendency to hypertension. This indicates 
that the hydronephrotic kidney is actively concerned in the genesis 
and maintenance of arterial hypertension. 

4. Evidence is presented that this mechanism is twofold, in that 
ischemia and destruction of normal renal tissue probably proceed 
simultaneously in the same kidney, the initiating factor being a rise 
in ureteral and intratubular pressure. 

5. An e.xplanation is offered for the occasional occurrence of 
normotension and renal excretory insufficiency observed in hydro- 
nephrosis. 
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EFFECT OF PREGNANCY ON EXPERIMENTAL RENAL 
HYPERTENSION IN RATS.* 

By Piero P. Fo.\, M.D., Pii.D., 

MENDELSON IlESEARCH FELLOW, 

N.aomi L. Foa, B.A., 

RESEARCH ASSISTANT, 

AND 

Max M. Peet, M.D., 

PROFESSOR OF SURGERY, 

ANN ARBOR, MICH. 

In the course of other experiments on renal hypertension in rats, 
we observed that 2 animals who were pregnant when their left renal 
arteries were constricted did not develop high blood pressure and 
died before delivery with diffuse internal hemorrhages. Although 
the constriction of one renal artery in normal rats does not neces- 
sarilj’' cause a rise in blood pressure, we became interested in study- 
ing the possible influence of pregnancy on e.xperimental renal hyper- 
tension. We were further stimulated by the contradictory results 
found in the literature. Some investigators reported that hiTier- 
tension improves during pregnancy, while others claim that the 
symptoms become more severe and death follows rapidlj". 

Goldblatt, Kahn and Hanzal® reported that “most of the hyper- 
tensive dogs that have become pregnant have shown a slight or 
moderate fall of pressure ” and that pregnant animals can frequently 
stand a degree of constriction of the renal arteries which would kill 
a non-pregnant animal. They suggested that this might be a com- 
pensatorj^ effect of the normal kidneys of the foeti. 

Dawson, Cressmann and Blalock® found that constriction of renal 
arteries in pregnant dogs causes a high incidence of abortion or 
resorption of the foeti, with elevation in blood pressure ranging 
from moderate to severe. The blood pressure declines somewha 
at the time of delivery and then rises subsequently. 

Dill and EricksoM found that bilateral constriction of 
artery has a deleterious effect on pregnant dogs and rabbits. Inei 

* Funds for this ivork rvere made available through a grant to the 
of Neurosurgery'’, University of Michigan, by the Aaron Mendelson Meroona 
Fund. 
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describe an eclampsia-like syndrome accompanied by hj^pertension, 
albuminuria, uremia, coma, convulsions, and death. Later Dill, 
Isenhour and Cadden® repeated the experiments constricting the 
aorta above the origin of the renal arteries with a measured clamp. 
Most of the pregnant animals developed an eclampsia-like syndrome 
similar to the one obtained previously, but only those with moderate 
constriction developed hypertension. In a recent paper. Dill, 
Isenhour, Cadden and Kuder' found that pregnancy has no definite 
effeet on the blood pressure of hypertensive rabbits and state that 
they cannot explain why’^ “ reducing the renal blood flow in the preg- 
nant animal produces a fatal vasospastic syndrome while pregnancy 
in the animal with reduced renal blood flow produces little, if any, 
effect.” One raay'^ note that since the renal ischemia was produced 
in all animals by^ constriction of the aorta, the blood supply^ to the 
uterus was also reduced. A pregnant uterus developing in a hyper- 
tensive organism may'^ adapt itself to the existing conditions by' 
developing a large collateral circulation, but the sudden reduction 
of blood supply to an already^ pregnant uterus ma.v not be promptly' 
compensated. 

Recent experiments of Ogden, Hildebrand and Page*^ suggest 
that ischemia of the pregnant uterus may play’^ a role in the produc- 
tion of experimental hypertension due to constriction of the aorta. 

The investigators mentioned above constricted the aorta or both 
renal arteries. AVe tried to avoid interference from ischemic uteri 
or renal insufficiency^ by' constricting only^ the left renal arteryL 
While our work was in progress Page, Patton and Ogden‘S published 
a paper in which they show that the blood pressure of hypertensive 
rats and rabbits with unilateral and bilateral renal ischemia drops 
during pregnanc.y and pseudopregnancy, and that the onset of 
hypertension in pregnant rats is delay'ed until after parturition. 

Method. Eighty^-two young adult albino rats were used in our experi- 
ments. They were fed dry dog chow, water ad libitum, and a daily supple- 
ment of fresh lettuce and carrots. The sj'stolic blood pressure was measured 
using the plethysmographic method descril^ed by Bj'rom and Wilson, = 
wliich we modified as follows: The animals were placed in an adjustable 
container similar to the one described by AAfilliams, Harrison and Grollman.*" 
At first, we used animals anesthetized Avith ether, and later, unanesthetized 
rats. After a few detenninations the animal becomes trained and remains 
quiet long enough to detennine the blood pressure without anesthesia or 
heat. Instead of soft soap, Ave sealed the tail into the plethysmograph AA’ith 
a mixture of A’aseline and paraffin of a similar consistency'. At least three 
readings Averc averaged for each blood pressure detennination. Hyper- 
tension Avas produced by clamping one renal artery', adapting to the rat 
the method used liy Pickering and Prinzmetal in the rabbit.’® Care AA'as 
taken to avoid complete occlusion of the artery, but no effort Avas made to 
graduate the degree of constriction, since the exudates Avhich form around 
the clamp make any' such attempt futile. 

Kats differ from other animals in that unilateral constriction of the 
renal artery caxises a pennanent rise in blood pressure or one lasting several 
months,’* long enotigh for our purpose. This operation is foUoAved bv a 
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relatively high mortality, which under certain conditions is further increased 
by pregnancy.'*'® We therefore waited at least 2 weeks after applying the 
clamp before mating the rats. Those rats who sursnved that period of 
selection had sufficient constriction of their renal artery to produce hyper- 
tension without severe renal insufficiency and thus enabled us to study 
the influence of pregnancy on uncomplicated renal hypertension. 

EFFECT OF PREGNANCY ON THE BLOOD PRESSURE 
OF 6 NORMAL RATS 
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Fig. 1. — Rat Group I. M indicates mating; D indicates deliverj’. 

Of the 82 rats used in this study, 45 were used solely to determine the 
normal blood pressure of rats, 6 were used as controls (Group 1)> 
rats the left renal artery was clamped. Of these, 9 were discarded mun 
diately because of operative mortality' or because they did ■ 

hj^pertensive. Twenty-two became hypertensive; of these, 7 died '"'i .. 
2 weeks and were not considered in this paper, 3 were operated upon tv 
pregnant (Group II) and 12 became pregnant after the operation (Group J /• 

Results. 1. Normal Blood Pressure in the Rat. One hundred 
and ninety-eight determinations were made on 49 normal 
ether anesthesia. The blood pressure averaged 84 mm. Hg (b ^ 
114). Six hundred and fifty determinations were made on So no 
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mal unanestlietized rats. The blood pressure averaged 85 mm. Hg 
(60 to 130). 

EFFECT OF PREGNANCY ON THE BLOOD 

PRESSURE OF RATS WITH RENAL HYPERTENSION 

SYSTOLIC BLOOD 
PRESSURE 

(MM.H&.) DAYS 



Fig. 2.~Rat Group III. C indicates constriction of the loft renal artery; and D 

as in Figure 1. 

2. Effect of Prcfinanci/ on the Blood Pressure of the Normal Bai. 
(Group I, Fig. 1.) After recording the blood pressure for- 17 days, 
the rats were mated and frequent determinations of blood pressure 
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were made during pregnancy and for 15 days after delivery. There 
was no significant change in blood pressure during and after preg- 


nancy. 

3. Effect of Constriction of the Renal Artery in Pregnant Rais. 
(Group II.) Only 3 rats were included in this group. The blood 
pressure of the first rose from an average of 82 mm. Hg before 
constriction of the renal artery' to 92 mm. after 3 days and 114 mm. 
after 11 days; the twelfth day the animal died. The second rat 
also died 12 days after its renal artery was constricted. Its blood 
pressure had dropped from 92 to 60 mm. Hg. The third animal 
died after 14 days. Its blood pressure had dropped from 76 to 
50 mm. Hg. All the animals had diffuse hemorrhages and infarc- 
tion of the clamped kidney. 

4. Effect of Pregnancy on Preexisting IIy})erfension. (Group III, 
Fig. 2.) Tweh'e rats were used in this group. All but 1 survived 
pregnancy and all of these, except 1, delivered normal foeti. The 
litters were small ; only 1 rat delivered 5 foeti, the others delivered 
from 1 to 4. In ail rats, with no exception, the blood pressure 
gradually dropped during pregnancy from an average maximum of 
174 to an average minimum of 103 mm. Hg beginning towards the 
end of the first week. The drop was marked in every case; fre- 
quently the blood pressure reached normal preoperative levels. 
After delivery the blood pressure again rose to an average level of 
180 mm. Hg, which is higher than the average value before preg- 
nanej’’, and remained ele\mted as long as the rats were observed. 
All of the animals except Nos. 1 and 3 were kept under observation 
for at least 20 days after delivery. 

Discussion. The systolic blood pressure of normal rats averaged 
85mm. Hg (60 to 130) with no significantdifference between malesand 
females. Bonsmann^ by means of a photoelectric method obtained 
similar results. These values were lower than those obtained by 
other investigators,- ®-*' possibly because most of our experiments 
were performed in the summer. The average blood pressure of a 
group of rats during June to September, 1940, was 81 mm.; that 
of another group of rats during December to February, 1941, was 
92 mm. Hg. Hamilton and associates*® suggested that the blood 
pressure of street dogs may be reduced during the hot season. 

Normal pregnancy had no significant effect on the blood pressure 
in our experiments. This is in accordance wdth the results of man} 


investigators, although several others found that pregnancy pro- 
duces a rise in blood pressure and others found that it produ^^ 
a drop. (The literature on the subject has been reviewed b} 


Jensen.**) 

In 3 rats the left renal artery was constricted during pregnancy • 
All 3 died in a very short time, 1 had a rise in blood pressure. 
A similarly high mortality was obtained by Dawson et al.^^ in analo- 
gous conditions in dogs, and bj’' Dill ct al.* when constricting t e 
aorta above the origin of the renal arteries in rats. In our e.xperi- 
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ments, since there was no interference with the uterine circulation, 
death was probably due to renal insufficiency. On the other hand, 
when pregnancy occurs in hypertensive rats Avho have survived con- 
striction of the renal artery for a period of time sufficient to permit 
selection, the blood pressure invariably drops, frequently to normal, 
and rises again after delivery. We can conclude that pregnancy 
produces a drop in blood pressure when renal ischemia is sufficient 
to produce hypertension, but not so severe as to produce damage to 
kidney function. An eclampsia-like syndrome with hypertension 
occurs only when the constriction of the renal arteries has been too 
severe, when the constriction interferes with uterine circulation, or 
when the clamp is applied during pregnancy and no gradual adapta- 
tion is possible. 

Three explanations for the drop in blood pressure are possible: 

1 . Enlargement of the vascular bed due to the development of the 
uterine circulation. This does not seem very likely, since the drop 
in blood pressure frequently begins during the first third of the preg- 
nancy, when the uterine circulation is not well developed. Further- 
more the arterioles of the uterus, as all other arterioles, are probably 
subject to the constricting action of the hypertensive agent. 

2. Antipressor action of the normal fetal kidneys. This explana- 
tion does not seem likely, since the kidneys of the foeti are not yet 
fully developed when the blood pressure begins to drop; however, 
here the situation may be analogous to the one in diabetes mellitus, 
which, according to some authors, improves as the fetal pancreas 
begins to function. 

3. Endocrine mechanism. This mechanism should be more fully 
investigated. Reynolds and Foster*® have recently shown that a 
relation may exist betv^een sex hormones and peripheral circulation, 
although according to Dill and Isenhour,® the injection of sex 
hormones into hypertensive rabbits has no effect on blood pressure. 
Page and Sweet*® ha^'e shown that although hypophysectomy does 
not ])revent the rise in blood pressure due to constriction of the renal 
artery, the rise tends to be transient. 

Summary and Conclusions. 1 . The normal systolic blood pressure 
of the young adult albino rat was found to average 85 mm. Hg (60 
to 130). It is slightly lower during the summer. 

2. Ether anesthesia has no appreciable effect on the systolic blood 
pressure of normal rats. 

3. Systolic blood pressure in rats does not change significantly 
during normal pregnancy. 

4. Hypertension of several months’ duration can be produced in 
rats by constricting one renal artery without damage to the general 
health of the animal. 

5. The systolic blood pressure of rats with h\'pertension due to 
constriction of one renal artery is sharply reduced during pregnancy, 
from an average maximum of 174 to an average minimum of 
103 mm. Hg. 
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G. After delivery the systolic blood pressure again rises to hyper- 
tensive levels, reaching an average of 180 mm. Hg. 

7. Constriction of the renal artery of pregnant rats is followed by 
rapid decline and death. Hypertension may or may not occur. 

S. The influence of pregnancy on experimental renal hypertension 
in rats is discussed. It is .suggested that the drop in blood pre.ssure 
might be due to an endocrine mechanism. 
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The use of “stored” blood has become more widespread since 
the institution of “blood banks” in most hospitals. It finds its 
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justification in its ready availability and in the practical and eco- 
nomic advantages resulting to both patient and hospital. Conse- 
quently fresh blood transfusions are being given less frequently. 
There is however some difference of opinion as to the value of stored 
versvs fresh blood. Thus Riddell*' in his monograph claims that 
there is a real need for hospitals to store blood as long as it is strictly 
limited to emergency use. The impression still persists that the 
changes in blood stored for any length of time militate against its 
use in many conditions, particularly anemias, infections, sepsis, 
hemorrhagic diseases, hemolytic anemias and liver diseases. In 
surgical conditions it is well established that stored blood is of the 
utmost value in the treatment of shock and hemorrhage. In these 
states the problem is not so much a hematologic one, but rather a 
hemodynamic and physico-chemical one. 

Stored blood has several disadvantages over fresh blood and these 
are proportional to the duration of storage. It is known that the 
leukocytes are rapidly destroyed and that the platelets undergo 
similar destruction. Chemical changes also occur such as altera- 
tions in the glucose, lactic acid and potassium content of the blood. 
However, the significance of these changes is for the present at least 
purely academic. There is available a large clinical experience 
which proves the general therapeutic value of stored blood, and 
thereby lessens the importance of the above-mentioned changes. 
This impression is further borne out by the apparent less frequent 
incidence of transfusion reactions following the use of stored blood. 

The major question is the fate of the red blood cells. Although 
there is a destruction of a small part of the red blood cells in storage 
and the erythrocyte fragility increases progressively with the dura- 
tion of storage, these changes do not militate against the use of this 
type of blood in general medical conditions. Previous work by us'" 
and others®’*® has shown that blood stored over 10 days usually 
causes a transient jaundice due to the initial destruction of the 
older cells transfused. A knowledge of the fate of the younger cells 
is however of utmost importance in the treatment of the anemias 
since the therapeutic result is directly dependent upon the via- 
bility of the transfused red blood cells. Numerous methods for the 
detection of the red cell viability exist. The one most frequently 
used is the determination of the rise in hemoglobin and erythrocytes 
following blood transfusion and the maintenance of this rise. A 
method such as this is unsatisfactory since too many variable factors 
exist in each patient to be able to accurately evaluate any results. 
A more accurate test is the “Ashby effect”* used by Schaeffer and 
Wiener.*- This test consists of transfusing a patient of known 
or N blood grouping with blood containing only the other factor 
and testing the survival of the transfused red blood cells by means of 
agglutination test for the heterologous jM or N factor. Schaeffer 
and Wiener found that blood stored for S days or less compared 
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favorably with fresh blood; however, 12-day old blood disappeared 
rapidly from the blood stream so that by the end of a week approxi- 
mately 90% of the transfused blood had disappeared. In a further 
study the same authors’® found that “ the survival time of the trans- 
fused cells in the patient’s circulation is inversely proportional to 
the time that the blood was stored before transfusion” and they 
concluded that “ where the need is primarily for erythrocytes, blood 
stored only a few daj’s is almost equivalent to fresh blood. Blood 
stored longer than a week is relatively inefficacious.” 

An index of the viability of transfused erythrocytes can also be 
obtained by studying one of the main end-products of the destruc- 
tion of red blood cells in the body, namely urobilinogen, which can 
be fairly accurately determined in the feces and urine. In using 
the method of urobilinogen excretion to determine the length of 
viability of transfused red cells, the type of anemia selected for this 
study must be one in which a fairly constant rate of hemolysis 
occurs, i. e., an approximately constant excretion of urobilinogen. 
Cases of aplastic anemia seemed to satisfy these criteria. The 3 pa- 
tients chosen received repeated transfusions of blood of varying ages 
from a few hours to 18 days. The urobilinogen excretion in the 
urine and stool was determined before and after each transfusion 
of blood. 

Methods. Urobilinogen Excretion. A. Watson’s modification of Tem'en’s 
method”® was used for determining the quantitative excretion of uro- 
bilinogen in the urine and stools. Stools were collected over a 3- or 4- 
day period and an average determination for the 3- or 4-day period was 
made. Urine w'as collected for 24 to 48 hours in a dark bottle kept on ice 
with petroleum ether and sodium carbonate as a presen'ative. Eesults 
obtained are expressed in mg. per 24 hours, 50 to 200 mg. being normal 
in the stool and up to 2 mg. in the urine. 

B. Icterus index: The method of Ernst and ForsteU w'as used. Aceton^ 
treated plasma was compared directly with potassium dichromate standards 
as suggested by Soffer and Paulson.” 

C. Red cell counts were made in the usual manner. Hemoglobin deter- 
minations were made with the Sahli hemoglobinometer and Wintrobes 
method for packed red cell volume was used. 

Clinical and Laboratory Observations. Case 1. R. S., white feroale, 
aged 29, who for 2 5mars before admission to the hospital complained of 
marked iveakness and dizziness. Although her hair had been gray for 
7 years no d3'es had been used. Her hemoglobin at that time was 50%. 
Intensive liver and iron therapy proved of no value. She was atoitted to 
this hospital for diagnosis and treatment. The physical examination on 
admission revealed no abnormalities other than extreme pallor and slight 
bleeding from the gums. The tourniquet test, bleeding and coagulation 
time were within normal limits. Blood examination revealed the 
ing; hemoglobin 38% (Sahli), erjdhrocytes 1,178,000, while c^s 530U, 
platelets 45,000. The differential was relativelj’- normal with 
segmented neutrophils, segmented neutrophils 50%, lymphocj'tes 
monoc3des 7 %. Free acid was present in the stomach. The icterus inde.x 
was 4 (acetone method) and Van den Bergh was negative. Bone 
aspiration showed an active marrow with a moderate increase in er3’throia 
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elements. A sternal marrow biopsy revealed similar findings. Bilirubin 
tolerance, galactose tolerance tests, and bromsulphalein tests were normal. 

During 18 days 2 transfusions of 5-day-old citrated blood stored at 4° C. 
and fresh citrated blood were given. Both donors and recipient were 
Group 0. 

The excretion of urobilinogen in the urine and stool was determined for 
a control 4-day period. The fecal urobilinogen was 28.6 mg. per 24 hours 
and the urinar}’- urobilinogen was present in a quantity too small to be 
measured accurately. During the first 3-day period, following the transfu- 



Cii.\nT 1.— Case 1. Note immediate rise in urobilinogen excretion following the 
transfusion of 5-day-old blood, and no increase following the transfusion of fresh 
blood. 


sion of 500 cc. of 5-day-old citrated blood, a definite increase in fecal and 
urinarj- urobilinogen did occur. The pigment excretion in the stool was 
mcreased to 59.S mg. per 24 hours and the urinarj- pigment was increased to 
2.12 nig. jier 24 houns. By the seventh day following the transfusion, the 
excretion had returned to the pretransfusion level at which time another 
transfusion of fresh citrated blood was given. No rise in pigment excretion 
occurred during the week following this transfusion. The initial hemoglobin 
of 37% was raised to 65% following the 2 transfusions. Xo rise in the 
icterus index occurred and no reaction to cither transfusion occurred 
(Chart 1). 
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This case, although followed for only a short time, did show that during 
the first week following the transfusion, fresh blood is not hemolyzed wthin 
the body to the same degree as blood stored for 5 da 3 ’^s. 

Case 2. M. P., a 70-year-old white female, was first seen at this hospital 
in September, 1934, at which time she complained of weakness and palpa- 
tion on excretion. Except for pallor, plij-^sical examination was essentially 
negative. The blood count was as follows; hemoglobin 58%, red cells 
2,570,000, white cells 3200, platelets 140,000, with a normal differential. 
The gastric contents contained free hj'drochloric acid and Roentgen ray 
examination of the entire skeleton was negative. She received intensive 
liver and iron therapy with no response, and from that time until the 
present admission, blood transfusions were necessary^ at regular intervals 
to combat the anemia. Sternal biopsy revealed islands of active erythro- 
poiesis with numerous er 3 'throblasts, lymphocytes, and few immature cells. 



Chart 2. — Case 2. Note the progressive increase in the urobilinogen excretion with 
the increase in the storage time of bank blood. 

All blood chemistry determinations were within normal limits and liver 
function tests were normal. Pigment excretion studies were started ■'yken 
the patient was admitted with a hemoglobin of 26%. The average daily 
excretion of urobilinogen was 19.8 rag. per 24 hours in the feces and 0.21_nig. 
per 24 hours in the urine, an extremely low figure. The patient was given 
transfusions at various periods of fresh citrated blood, 5-day-old citrated 
blood, and 12-dayr-old citrated blood and urobilinogen determinations were 
made before and after each transfusion. . , 

This case was followed for a period of 25 day's. A 500-cc. transfusion oi 
fresh citrated blood induced no rise in the pigment excretion in the urine 
and stool within a period of 1 week following the transfusion. Five-day'-olo 
citrated blood (500 cc.) caused a rise from 14.8 mg. per 24 hours in the feca 
urobilinogen to 74 mg. per 24 hours wnthin 3 days foUonung the transfusio^ 
and a drop to the pretransfusion lev'el in 7 days. Blood stored for 12 day- 
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caused a marked rise to almost 6 times the pretransfusion level (118 mg. 
per 24 hours) within 3 days following the transfusion and fell slowly to the 
original level within a week. In this case the fresh blood was followed by 
a greater rise in hemoglobin and red cells. The increase in urobilinogen 
excretion was directly proportional to the age of the blood transfused 

(Chart 2). . r , 

Case 3. V. G., a 48-year-old Italian housewife, was first seen m July, 
1936, because of weakness, shortness of breath, and extreme pallor. The 
blood count at the time was: hemoglobin 32%, red eells 1,140,000, white 
cells 2400, segmented neutrophils 52%, lymphocytes 39%, eosinophils 8%, 
myelocytes 1%. Except for a spleen that was palpable 3 fingers below 
the costal margin, the physical examination was essentially negative. Free 



CiUHT 3.— Case 3. Note the reduction in the urobilinogen c.xcretion following trans- 
fiiaion of blood stored with glucose citrate as the preserving mixture. 


acid tvas present in the stomach contents; and all blood chemistry deter- 
minations were within nonnal limits. A sternal marrow biops}^ shotved a 
cellular marrow, with an increase in the immature ra3’'eloid elements. 
The average urobilinogen excretion was 0.45 mg. per 24 hours in the urine 
and 32 mg. ]ier 24 hours in the feces. Her past historj’’ was negative except 
for the fact that the patient had been using a hair dj'e for 11 jTars which 
contained parapheindenediamine and m-tolujdene diamine. Four years 
before admi.ssion following the administration of this dj’e the scalp had 
become inflamed and no further treatments had been given. A diagnosis 
of aplastic anemia due to the hair d.ve was made and treatment consisted of 
liver and iron, female sex honnones and transfusions. No definite remissions 
occurred except following the transfusions, and these were only temporal^'. 
The pigment excretion in the urine and stool remained low and liver function 
tests (hippuric acid tests, bilirubin tolerance tests and galactose tolerance 
tests) were within normal limits. _ The patient was followed in the Out- 
Patient Department and was admitted on the average of once a month for 



362 


WASSERJIAN, VOLTERRA, ROSENTHAL: 


blood transfusions. At the time of the present admission, the hemoglobin 
was 30% with 1,450,000 red cells and a packed cell volume of 13%. Similar 
studies of the urobilinogen excretion before and after blood transfusion 
with various aged blood were made. 

This case was followed for a period of 60 days during which time 24 fecal 
and 47 urinarj' urobilinogen determinations were done (Chart 3). As in 
the pre^dous cases, fresh blood caused no appreciable rise in the urinar}' or 
fecal urobilinogen excretion for the first 3-day period following the trans- 
fusion. Howei’er, a late rise to 3 times the original le^^el did occur from 
the fourth to the seventh daj' folloudng the fresh blood transfusion; 300 cc. 
of blood were given in every' instance. Seven-day-old blood increased the 
urobilinogen excretion to 260 mg. per 24 hours within 5 days following the 
transfusion. Five days later the fecal pigment excretion was still elevated, 
being 84 mg. iper 24 hours. With the rise of fecal urobilinogen a like rise in 
urinary' urobilinogen occurred within the first few day's after the transfusion. 
This unquestionably' was due to the overloading of the liver with bile 
pigment and the inability of the liver to excrete this substance. Thus a 
temporary' rise in the icterus index to 15 occurred which rapidly returned 
to normal u'ithin 2 day's. A transfusion of 300 ec. of 17-day'-old blood 
caused a marked rise within the first 3-day' period to an amount 20 times 
the original level with a slow return to the pretransfusion level within 
2 weeks. Urinary' urobilinogen again rose within the first 2 day's following 
the transfusion to 5.6 mg. per 24 hours and returned within 4 day's to the 
initial low level. The overloading phenomenon of the liver with bile pig- 
ment is thus again exemplified. 

Rous and Turner'^ and DeGowin* and others have shown that 
glucose when added to the anticoagulant mixture will preserve the 
red blood cells for a longer period of time. Our oato studies have 
yielded similar results. To test the effect of glucose when added to 
citrated blood on the urobilinogen excretion, 300 cc. of blood stored 
for 7 days in DeGowin’s glucose citrate mixture was given to this 
patient. A slight rise in the pigment excretion occurred but was 
not comparable to the rise follow'ing the 7-day-old blood stored with 
just sodium citrate as the preservative. Blood stored for 14 days 
with the same glucose citrate mixture produced a rise in pigment 
excretion that was maintained at 3 times the original level for 
2 weeks. A sharp distinct rise that occurred following the use of 
only' sodium citrate as the preserving fluid was not manifested in 
this case. Likewise the effect of homologous Group 0 plasma on 
the urobilinogen excretion Avas also investigated. The patient was 
given 250 cc. of citrated plasma w'hich had been in contact with red 
cells for 12 day's. This was not followed by' any increase in urobilin- 
ogen excretion. 

Comment. The 3 cases studied fall within the group of refractory 
anemias as classified by' Rhoads.® All 3 cases show' cellular marrows 
w'ith actiA'e ery'thropoiesis. We are not concerned in this paper with 
the nature of the condition although further inA'estigative work m 
the group of refractory anemias is being continued. The primary' 
purpose of this study is to evaluate, if possible, the quality and 
efficacy of bank blood in the treatment of anemias. 

It is noteworthy' that in spite of the fact that the use of transfu- 
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sions in the treatment of the anemias can be regarded the most 
important in the medical field, the literature on the whole is scant. 
Greppi and Rossi® observed that in hemolytic anemias, fresh blood 
transfusion is followed by a blood destruction which may be dis- 
proportionate to the quantity of the introduced blood, and hence 
must involve the patient’s own blood; and that in other anemias the 
hemolytic actions involve a small part of onl}’’ the transfused blood. 
Introzzi’ found that in cases of aplastic anemia the increase of 
urobilinogen excretion that usually occurs following the fresh blood 
transfusions does not occur. Barker’s^ work on the urobilinogen 
e.xcretion in various blood disorders contained 2 cases of aplastic 
anemia treated by transfusions in which the hemolytic action was 
studied for a period of 5 weeks. A sharp increase, immediately after 
each transfusion, in the excretion of urobilinogen, from 108 to 
()00 mg. was observed in 1 instance, and to 350 mg. in another; in 
these instances there was only transient improvement. However, 
in these cases also, fresh whole blood was used, and in the first 
instance a transfusion reaction occurred. In the second case an 
increase in excretion occurred after each transfusion. 

In our 3 cases the initial urobilinogen excretion was at an ex- 
tremely low level, as might be expected because of the low circulating 
blood volume. Watson““ has found that in most cases of aplastic 
anemia the e.xcretion is within the limits of normal. Barker- sup- 
ports the above view and cites only 1 case with a fecal urobilinogen 
excretion below 50 mg. per 24 hours. Our 3 cases have been chosen 
because of the low constant level of pigment excretion and because 
any hemolyzing factor of the patients’ own blood could be ruled out. 

Since the liver is the most important organ in the excretion of 
bilirubin, bilirubin tolerance tests were done to determine the 
capacity of the liver to excrete injected bilirubin. All excretion 
tests performed with this method were Avithin normal limits, and 
other liver function tests, as the sodium benzoate, bromsulphthalein 
and galactose tolerance, also gave normal values. The determina- 
tion of the urobilinogen excreted in the urine and stool could thus 
serve as an index of the capacity of the body to utilize this trans- 
fused blood. An increased excretion of urobilinogen in the stool 
means a destruction of blood, either of that introduced by the trans- 
fusion or the patient’s own blood. Studies on the regenerative 
index were not done, but we can assume that regeneration Avas con- 
tinuing at a rate approximately corresponding to destruction, since 
anemia Avas ahvays present Avith slight variations. In the 3 cases 
lu-csented here, fresh blood caused little or no increase in pigment 
excretion during the first Aveck folloAving the transfusion. As blood 
stored for varying periods of time aatts given, greater quantities of 
urobilinogen Avere excreted almost immediately, and the beneficial 
action of these bloods AA*as of shorter duration than fresh blood. 
l)artieularly since the increased excretion was usually continued 
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over a longer period of time. Tlie addition of glucose to the preserv- 
ing solution was effective in prolonging the retention and utilization 
of transfused blood. The observations of the effect of glucose 
citrate as the preserving solution in bank blood on the urobilinogen 
excretion leads one to assume that the red cells are in a better state 
of functional preservation. This is in agreement with many studies, 
particularly those of DeGowin and his coworkers.^ Plasma itself 
when transfused caused no increase in the excretion of urobilinogen. 

Our results are in agreement with those of Schaeff er and AViener in 
that blood stored for less than 7 days may be considered relatively 
useful for the treatment of anemias. 

Conclusions. 1. The excretion of urobilinogen in the stool and 
urine after transfusion with stored blood is directly proportional to 
the length of time of blood storage. 

2. The use of blood stored for more than 7 days in anemias is 
inadvisable. 

REFERENCES. 

1. Ashby, W.; J. Exp. Med., 29, 267, 1919. 

2. Barker, W. H.; Arch. Int. Med., 62, 222, 193S. 

3. DeGowin, E. L., Harris, J. E., and Peass, E. D.: J. Am. Med. Assn., 114, 
850, 1940. 

4. Ernst, Z., and Forster, J.; Klin. Wchnsohr., 3, 2386, 1924. 

5. Fox, H.; Penna. Med. J., 43, 49, 1939. 

6. Greppi, E., and Rossi, L.: Policlinico (Sez. Mod.), 35, 423, 1928. 

7. Introzzi, P.; La transfusiono del sangue nei suoi effetti biologici e nolle sue 
indioazioni cliniche, Pavia, tip. gii Cooperativa, 1937. 

8. Rhoads, C. P.: Aplastic Anemia, University of Wisconsin, Symposium on 
Blood, pp. 31-40, 1939. 

9. Riddell, V.; Blood Transfusion, New York, Oxford Univ. Press, 1939. 

10. Rosenthal, N., Wasserman, L. R., Abel, H., Bassen, F., and Vogel, P.: 
Mount Sinai Hosp., 8, 210, 1941. 

11. Rods, P., and Turner, J. R.; J. Exp. Med., 23, 219, 1916. 

12. Schaeffer, G., and Wiener, A. S.: Quart. Bull. Seaview Hosp., 5, 17, 1939. 

13. SoFFER, L. J., and Paulson, M.: Am. J. Med. Sci., 192, 535, 1936. 

14. Watson, C. J.: (a) Arch. Int. Med., 47, 698, 1931; (b) Am. J. Clin. Path.. 

6, 458, 1936. 

15. Wiener, A. S., and Schaeffer, G.: Med. Clin. North America, 24, 705, 1940. 

16. Yudin, S. S.; Sovet. Merdes. 14-16, 39, 1938. 


EFFECT OF LARGE AMOUNTS OF SINGLE VITAMINS OF THE 
B GROUP UPON RATS DEFICIENT IN OTHER VITAMINS. 

By Klaus Unna, M.D., 

AKD 

Josephine D. Clark, B.A., 

RAHWAY, N. J. 

(From the Merck Institute for Therapeutic Research.) 

In multiple deficiency diseases in man, enhancement of certain 
signs of deficiency following treatment with one single factor ln>s 
been encountered in pellagrins;® Scandinavian authors*'®'® have re- 
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ported thcTt treatment of multiple deficiencies with thiamine alone 
precipitated the appearance of lesions characteristic of nicotinic 
acid deficiency. In experimentally produced deficiency diseases, 
Gyorgy,'’ Chick et al- and Harris® have shown that in rats main- 
tained on diets deficient in both riboflavin and pyridoxine, the 
florid dermatitis speeific for the lack of pyridoxine does not become 
evident until riboflavin is supplied. The addition of riboflavin 
therefore seems to aggravate the manifestations of pyridoxine defi- 
ciency. Similar observations have been made on the appearance of 
deficiency lesions due to the lack of pantothenic acid in young rats 
which were deficient in both pyridoxine and pantothenic acid.®-'^ 
Only after the addition of pyridoxine the characteristic lesions of 
pantothenic acid deficiency become manifest. Thus, on diets defi- 
cient in several members of the vitamin B complex, deficiency dis- 
eases may result in which lesions characteristic of the lack of the 
various single factors might not become conspicuous, and it is 
generally accepted that the characteristic lesions due to a deficiencj^ 
in one single factor are more rapidly produced on diets which supply 
an optimum amount of all other factors of the B complex. It 
seemed of interest to us to study the manner in which the course 
and the manifestations of deficiencies due to the lack of one factor 
of the vitamin B complex may be influenced by the prolonged 
administration of excessive amounts of the various other members 
of the B group. 

Method. The experiments were carried out on 920 male albino rats. 
At 3 weeks of age the rats were placed on highly purified diets deficient either 
in the entire vitamin B complex, or in individual factors such as riboflavin, 
])yridoxine or pantothenic acid. The rats maintained on the various diets 
were divided into groups of 20. Every group received a daily supplement 
of one vitamin in an excessive amount. The amounts, given to each rat by 
stomach tube, were 1 mg. of either thiamine,- riboflavin, or p3’’ridoxine or 
10 mg. of either nicotinamide or calcium pantothenate; amounts which 
represent approxunatelj’- one hundredfold the maintenance dose. The 
animals were kept in individual cages, their weights and their S 3 Tnptoms 
were recorded at frequent intervals. The experiments were concluded after 
a period of 100 da 3 's and autopsies were performed on all animals. 

Experimental. A. Excessive aviounts of ihiainine with diets free 
from, the entire vitamin B complex. SixTv rats were placed on a diet 
consisting of dextrose GS%; casein, vitamin-free, 18%; hydrogenated 
cottonseed oil (Crisco) 8%; salt mixture, U.S.P. XI, No. 1,4%; cod- 
liver oil 2% and supplemented with 1 gm. of choline chloride per 
100 gm. of diet. The rats were subdivided into three groups of 20. 
One group received no supplement, the other groups were fed dail\- 
10 /ig. and 1 mg. of thiamine respectively. Except for the initial 
10 days, all animals on this diet failed to gain weight (Chart 1). 
The group receiving no supplement declined in weight, whereas the 
rats receiving either 10 pg. or 1 mg. of thiamine maintained their 
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weight for a period of 6 weeks. Retarded growth was the most con- 
spicuous manifestation in all groups. In the later stages the ani- 
mals in the two groups supplemented with thiamine became rather 
untidy, the fur was matted and dirty, some scaly dermatitis devel- 
oped, especially on the trunk. No difference in appearance was 
observed betw'een the group receiving 10 ;ug. and that receiving 
1 mg. of thiamine. Likewise, the mortality in these two groups 
was approximately the same (Table 1). Without thiamine, all 
animals died within 42 days. Supplementation with 10 iig. of thia- 
mine prolonged the life of 80% of the animals in this group beyond 
the 42 days; supplementation with 1 mg. daily produced the same 
result and gave no evidence of harmful effects. 



DAYS 

Ch.^rt 1. — Growth of rats maintained on a diet free from the \-ifamin B complex. 
Each cun'e represents the average of 20 animals. 1 , Basal diet. 2 , Receiving a 
daily supplement of 10 pg. of thiamine per rat per day. 3 , ReceiWng a daily supple* 
ment of 1 mg. of thiamine per rat per day. 


Dietao’ 

No. 

Table 1.— MoRTALiri', 

No. animals dead within: 

Daily dose 28 42 5 6 70 100 

No. 

animals 

deficiency. aoiinab. 

administered. 

days. 

da^-s. 

da\’S. 

days. 

daj'S. 

sur^owng. 

All B ntamins .... 

20 

None 

3 

20 




0 


20 

Thiamine, \0y 

1 

4 

13 

io 

20 

0 


20 

Thiamine, 1 mg. 

2 

4 

13 

IS 

20 

0 

Riboflavin (none) . . . 

40 

None 

8 

24 

33 

37 

37 

3 


20 

Thiamine, 1 mg. 


9 

16 

16 

IS 



20 

Nicotinamide, 10 mg. 

2 

11 

19 

20 


0 


20 

P>Tidoxine, I mg. 

1 

16 

18 

20 


0 


20 

Ca pantothenate, 10 mg. 


13 

13 

14 

19 

1 

Riboflavin (2 per rat 

40 

None 


7 

13 

15 

23 

17 

per dav) 

20 

Thiamine, 1 mg. 

2 

5 

7 

10 

16 

4 


20 

Nicotinamide, 10 mg. 


4 

6 

8 

12 

S 


20 

PiTidosine, 1 mg. 


2 

5 

6 

12 

8 


20 

Ca pantothenate, 10 mg. 


4 

G 

8 

12 

S 

Pantothenic acid (none) . 

20 

None 

5 

13 

16 

IS 

19 

1 


20 

Thiamine, 1 mg. 

6 

14 

17 

20 


0 


20 

HiboflaWn, 1 mg. 

6 

11 

14 

18 

20 

0 


20 

Nicotinamide, 1 mg. 

9 

13 

20 



0 


20 

PjTidoxine, 1 mg. 

3 

12 

17 

19 

20 

0 

Pantothenic acid (25 y per 

20 

None 

2 

2 

3 

4 

6 

14 

rat per day) .... 

20 

Thiamine, 1 mg. 

1 

6 

8 

8 

10 

10 

20 

Riboflavin, 1 mg. 

1 

2 

3 

4 

9 

11 


20 

Nicotinamide, 10 mg. 



1 

2 

3 

17 


20 

PiTido.vine, 1 mg. 

2 

2 

2 

3 

3 

17 
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B, Excessive amounts of single vitamins with diets deficient m ribo- 
flavin. Rats (360), divided into three equal groups, were placed 
on a diet consisting of dextrose 34%; cornstarch 34%; casein, vita- 
min-free, 18%; hydrogenated cottonseed oil (Crisco) 8%; salt mix- 
ture, U.S.P. XI, No. 1, 4%; cod-liver oil 2%, and supplernented with 
0.8 mg. eaeh of thiamine and pyridoxine, 5 mg. of calcium panto- 
thenate and 100 mg. of choline chloride per 100 gm. of diet. One 
series did not receive any riboflavin, the other two were given a 



Ghaut 2.— Growth of rats maintained on diets with and without riboflavin. Each 
curve represents the average of 20 anim.als. 1 , Basal diet; 2 , 3 , 4. 5 , supplemented with 
thiamine (1 mg.), nicotinamide (10 mg.), pyridoxine (1 mg.) or calcium pantothenate 
(10 mg.) respectively per rat per day. 6 , Receiving 2 /ig. of riboflavin per rat per daj'; 
7 , S, !), 10 , receiving 2 /ig. of ribofla\dn and supplemented with thiamine (1 mg.), 
nicotinamide (10 mg.), pyridoxine (1 mg.) or calcium pantothenate (10 mg.) respec- 
tively per rat per day. 11 , Receiving 10 /ig. of riboflavin per rat per day; 12 , IS, IJ,, 1 , 7 , 
receiving 10 pg. of riboflavin and supplemented with thiamine (1 mg.), nicotinamide 
(10 mg.), pyridoxine (1 mg.) or calcium pantothenate (10 mg.) respectively per rat 
l)or day. 


daily supplement of 2 /ig. and 10 ^g- of riboflavin respectively, 
both amounts being below the requirement of 20 to 30 /rg. necessary 
for optimum growth on this diet. Each of the three series was sub- 
divided into one group of 40 animals receiving no further supple- 
ment and four groujis of 20 animals each receiving excessive amounts 
of thiamine (1 mg.), nicotinamide (10 mg.), pyridoxine (1 mg.) or 
pantothenic acid (10 mg.) respectively. The average growth of the 
animals in the fifteen different groups is shown in Chart 2. 
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All animals receiving no riboflavin (Chart 2, Group 1-5) gained 
about 13 gm. during the first 3 weeks, after which period their 
weights became stationary. There was no significant difference 
between the group receiving no supplement and those receiving 
excessive amounts of the other B vitamins. Manifestations of ribo- 
flavin deficiency’’ such as thinning of the fur, generalized scaly’ der- 
matitis and sticky' exudate on the ey’elids and especially on the 
medial canthus of the ey'e appeared at about the same time and to 
the same degree in all animals. The mortality’ of the rats, as 
recorded in Table 1, was not significantly different in the various 
groups. Only’ 6 rats sur\’i\’ed the test period of 100 day’s, 3 in the 
group receiving no additional vitamin, 2 receiving thiamine and 
1 receiving calcium pantothenate. 

Addition of 2 ng. of riboflavin per rat per day’ to the second series 
of rats on the riboflavin-free diet resulted in weight gains of about 
40 to 50 gm. in the average for a period of 10 weeks (Chart 2, Group 
6-10). However, the amount of riboflavin was too small to support 
life for more than 1 1 weeks for the majority of the rats. Additional 
feeding of massive doses of nicotinamide, pyridoxine or pantothenic 
acid (Groups 8, 9, 10) did not influence the weight gain of the rats. 
The rats receiving 1 mg. of thiamine daily’ (Group 7) did not gain in 
weight at the same rate as the other groups. A somewhat higher 
mortality’ (see Table 1) was encountered in the group fed thiamine; 
50% of the animals died within a 10- week-period and only 20% 
were still living after 100 day’s. On the other hand, 40% of the 
group receiving no additional vitamins as well as of the groups 
receiving nicotinamide, py’ridoxine or pantothenic acid survived the 
test period. The appearance and severity’ of the deficiency’ lesions 
due to the insufficient amount of riboflavin were comparable in all 
groups of this series. 

To the members of the third series of experiments 10 Mg- of ribo- 
flavin were given daily’ and the same scheme of feeding additional 
\’itamins to the various groups as in the first two series Avas carried 
out. As eA’idenced by’ Chart 2 (Group 11-15), all rats in this series 
gained weight at the same rate of approximately’ 1.5 gm. per day. 
All rats, with the exception of 2 animals accidentally’ killed, survived 
the test period. No definite lesions due to the relative deficiency 
in riboflaA’in were obserA’ed in any of the A’arious groups. 

C. Excessive aviounts of single vitamins with diets deficient in panto- 
thenic acid. Rats (300), diA’ided into three equal groups, were placed 
on a basal diet consisting of dextrose 68%; casein, A’itamin-free, 18%! 
hydrogenated cottonseed oil (Crisco) 8%; salt mixture, U.S.P. XI, 
No. 1, 4%; cod-liA’er oil 2%, and supplemented with 0.8 mg., each 
of thiamine, riboflaA'in and py'ridoxine, 10 mg. of nicotinamide and 
100 mg. of choline chloride per 100 gm. of diet. One series of ani- 
mals did not receiA’e any’ pantothenic acid; another series receiA’cd a 
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daily supplement of 25 /xg. of calcium pantothenate per rat, an 
amount which is insufficient for optimum growth. The third series 
was given 100 /zg. of calcium pantothenate, an amount which meets 



Chart 3.— Growth of rats maintained on diets with and without pantothenic acid. 
Each curve represents the average of 20 animals. 1, Basal diet; 2, S, 4, 6, supple- 
mented with thiamine (1 mg.) , riboflavin (1 mg.), nicotinamide (10 mg.) orpyridoxine 
(1 mg.), respectively, per rat per day. G, Receiving 25 pg. of calcium pantothenate 
per rat per day; 7, S, 9, 10, receiving 25 fig. of calcium pantothenate and supplemented 
with thiamine (1 mg.), riboflavin (1 mg.), nicotinamide (10 mg.) or pyridoxine 
(1 mg.), respectively, per rat per day. 11, Receiving 100 /ig. of calcium pantothenate 
per rat per day; 12, IS, 14, lo, receiving 100 /ig. of calcium pantothenate and supple- 
mented with thiamine (1 mg.), riboflavin (1 mg.), nicotinamide (2 mg.) or pyridoxine 
(1 mg.), respectively, per rat per day. 


the requircineut for optiimun growth in young rats maintained 
on this diet.*® Subdivision of the three series of animals into five 
groups of 20 each and feeding of large daily doses of single vitamins 
(cither 1 mg. of thiamine, riboflavin or pyridoxine or 10 mg. of nico- 
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tinamide respectiv^el}’) followed a scheme similar to that used in the 
experiments with the riboflavin-deficient rats. 

The animals of the first series which received no pantothenic acid 
gained between 25 and 30 gm. during the first 3 weeks. The weight 
curve for Group 1 receiving no additional vitamin and those for 
Group 2-5 receiving large supplements of either thiamine, ribo- 
flavin, nicotinamide or pyrido.xine are practically the same (Chart 3, 
Group 1-5). Rats of all groups manifested loss of hair and porphyrin 
deposits on the fur, especially on the whiskers, signs characteristic 
of pantothenic acid deficiency. Adrenal hemorrhages were found in 
all groups. Likewise, no difference was observed in the mortality 
of the different groups (Table 1); more than half of the animals in 
each group died within 6 weeks. 

The second series of animals received a daily supplement of 25 fig. 
of calcium pantothenate. No significant difference in the rate of 
growth was found between Group 6 receiving no additional vitamins 
and any one of those four groups (7-10) receiving large vitamin 
supplements (Chart 3, Group 6-10). Fourteen animals of the 
group receiving no additional vitamins survived the test periods; 
only 10 and 11 animals in the groups fed excess thiamine or ribo- 
flavin respectively survived. On the other hand, the rats fed addi- 
tional amounts of pyridoxine or nicotinamide survived in greater 
numbers than those of the control group (Table 1). The deficiency 
lesions obser\'ed in this series were confined to a moderate degree of 
alopecia and some rusty spots (porphyrin) on the fur. They were 
of comparable extent in all groups. No adrenal hemorrhages were 
found on gross examination at autopsy. 

All animals in the third series supplemented wdth 100 /ig. of cal- 
cium pantothenate gained at a rate of approximately 3 gm. per rat 
per day (Chart 3, Group 11-15) and no difference was seen between 
the control (Group 11) and the other groups receiving the large 
amounts of other vitamins (Group 12-15). All rats presented a 
normal healthy appearance throughout the test period. 

D. Excessive amounts of thiamine or 'pantothenic acid with a diet 
free from pyridoxine. Rats (200) were placed on a diet consisting 
of dextrose 68 % ; casein, vitamin-free, 18 % ; filtered butter fat 8 % ; salt 
mixture, U.S.P. XI, No. 1, 4%; cod-liver oil 2%, and supplemented 
with 0.8 mg. each of thiamine and riboflavin, 10 mg. of nicotinic 
acid, 5 mg. of calcium pantothenate and 100 mg. of choline chloride 
per 100 gm. of diet. A group of 100 animals receiving no further 
supplements served as a control for tw'o groups of 50 rats which were 
given a daily supplement of 1 mg. of thiamine or 10 mg. calcium 
pantothenate respectively. 

No difference w'as observed between the rats of the three groups. 
All animals became stationary in weight after 4 weeks at 
55 gm. The first signs of scaliness on the paws became noticeable 
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simultaneously in the different groups during the third week. The 
characteristic dermatitis of pyridoxine deficiency involving the paws, 
ears and snout progressed at a comparable pace in all animals. 

Discussion and Summary. Large amounts of individual factors of 
the vitamin B complex were fed over periods extending to 100 days 
to rats subsisting on diets inadequate in one or more factors of the 
B complex. The rats were maintained on highly purified diets free 
from either riboflavin, pyridoxine, pantothenic acid or the entire 
B complex. Other rats subsisted on diets partially deficient in ribo- 
flavin or pantothenic acid. 

Daily feeding of large amounts of single crystalline vitamins of 
the B group did not significantly influence the growth rate of the 
deficient animals, nor the appearance of severity of the deficiency 
lesions characteristic of the missing factors. Furthermore, the mor- 
tality of rats receiving large amounts of additional vitamins did not 
differ significantly from those receiving no further supplement. 

Daily feeding of either 10 tig. or of 1 mg. of thiamine to rats on 
diets free from all B vitamins produced the same effect in maintain- 
ing weight and in prolonging the life of the animals. The addition 
of 1 mg. of thiamine daily resulted in somewhat smaller weight 
increase and higher incidence of mortality in rats receiving an in- 
sufficient amount (2 //g) of riboflavin daily. However, in another 
group of animals receiving suboptimal amounts of riboflavin (10 ^g. 
daily), no such effect of thiamine could be found. All other findings 
were deviations within the normal range. 

Conclusions. Prolonged administration of large amounts of indi- 
vidual vitamins of the B group to rats subsisting on diets either 
entirely free from or partly deficient in one or more factors of the 
vitamin B complex failed to aggravate the manifestations of the 
deficiency state. 

Our experiments present no evidence of adverse effects follow- 
ing the administration of an excess of individual vitamins in the 
jiresence of deficiencies of other vitamins of the B complex. 


Wc wish to express our appreciation to Dr. Henrj' Siegel for performing the autop- 
sies of the animals. 
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This paper presents data, obtained by the method of human 
marrow culture,® on the comparative effectiveness of million volt 
Roentgen rays, 200 kv. Roentgen rays, neutron rays, and beta rays 
emitted by radioactive phosphorus. This method permits quantita- 
tive controlled studies of the effects of physical and chemothera- 
peutic agents on a known number of known types of Jiving human 
cells. For example, in previous publications by this method® it has 
been shown that the action of Roentgen rays appears to inhibit 
the onset of mitotic and amitotic division; that the ratio of 
the effect on the highlj' susceptible lymphocytes to that on the 
less susceptible progranulocytes (promyelocytes) is the same with 
a small exposure to 50 r as with a larger exposure to 400 r; that 
increasing the exposure from 50 r to 400 r increases the effect 1./ 
times instead of 8 times; and that the inhibitory effect on leukemic 
progranulocj^tes is similar, to that on non-leukemic progranulocj'tes, 
although the rate of decrease is more rapid. This latter was inter- 
preted as being due to a higher rate of cell division for the leukemic 
progranulocytes. It has also been shown in interchange of media 
between irradiated and non-irradiated marrow cultures that there 
is no evidence of an indirect action of the Roentgen rays, but the 
effects could all be explained if the action of the irradiation was 
directly on those cells capable of mitotic or amitotic division to 
inhibit the onset of division. 

* Aided by grants from the Dazian Foundation, the John C. Higgins Experimental 
Medicine Fund, and the Columbia Fund for Medical Physics of the Colum la 
Foundation. . . , ■ 

Read before the Biometrics Section of the American Statistical Associati . 
Berkeley, Calif., December 31, 1941. 
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The literature on the biologic effects of Roentgen rays has been 
reviewed by Scott/^ Duggar/ and Selling and Osgood that on 
neutron rays has been reviewed by Aebersold and Lawrence;^ and 
that on radioactive phosphorus has been reviewed by Scott and 
Lawrence'^ and Lawrence, Scott and Tuttled'* An extensive review 
of the literature will not be given, therefore, in this paper. 

Method. In each experiment, about 10 cc. of human marrow obtained 
by sternal puncture^ were introduced into a 50 cc. vaccine vial containing 
25 cc. of citrated balanced salt solution. After manipulation to eliminate 
most of the non-nucleated erythrocytes, the final culture contained about 
100,000,000 nucleated marrow cells suspended in about 50 cc. of a medium 
consisting of about 35% human umbilical cord serum obtained from the 
fetal side of the placenta and 65% balanced salt solution similar in compo- 
sition to cerebrospinal fluid. This was thoroughly mixed, and after removal 
of a sample for initial total and differential cell counts equal volumes were 
jflaced in each of 4 to 6 vaccine vials. All manipulations were made with 
syringe and needle through 70% alcohol on the vaccine vial caps. The 
vials containing the identical cultures were then sent by Air Express to the 
W. H. Crocker Radiation Laboratory, University of California in Berkeley 
where, under the supervision of Dr. P. C. Aebersold, Dr. J. H. Lawrence, 
and Dr. L. A. Erf, the cultures were treated with neutron rays, million volt 
Roentgen rays, 200 kv. Roentgen rays, or radioactive phosphorus, 1 vial 
always being left untreated as a control. The vials were then returned 
by Air Express, placed in the incubator at 37° C., and at intervals samples 
were removed for total and differential cell counts. The medium was 
changed every 24 to 48 hours. In some experiments identical vials of cul- 
tures were kept in Portland at room temperature or in the pocket of one 
of the investigators as an additional control. These always showed counts 
within the limits of experimental error identical with that of the control 
vial which had been shipped to Berkeley and back again. This technique 
assured that there was the same number of the same type of cells in the 
same volume of identical medium in each Aual and that the only variable 
introduced was the ionizing irradiation. 

The factors used in the irradiation were as follows: For the million volt 
Roentgen ray irradiation, the million Amlt tube in the Roentgenologic Dhd- 
sion at the University of California Hospital in San Francisco* was used 
with 2 mm. of lead added filter, an 80 cm. target to liquid distance, and an 
intensity of approximately 20 r per minute. The exposure was measured by 
a Victoreen condenser r-meter, the total exi^osure being 200 r. The half- 
value layer for these Roentgen rays was 9 mm. of copper. The 200 kv. 
irradiation was given with a 200 kv. constant potential machine, with an 
added filter of 0.2 mm. of tin and 0.25 mm. of copper, an 80 cm. target 
to liquid distance, and an intensity of approximate^ 15 r per minute 
measured by the same Victoreen condenser r-meter. The half-value layer 
in coi)j5er was 1.4 mm. in the first series of exq^eriments in which million 
volt and 200 kv. Roentgen rays and neutron raj's were compared. For the 
other e.xpcrimcnts the Roentgen ray irradiation was given with a 220 kv. 
Maximal- aiiparatusf in the Radiation Laboratorj- in Berkelc}'. The factors 
were 220 kv. ]ieak voltage, 15 ma., 2 mm. of copper added filter, and 
60 cm. target to liquid distance, a half-value layer of 2.3 mm. of copper. 
This exiiosure as measured inside one of the empty vials from which the 
bottom had been cut off was 31 r per minute. One vial from each culture 

* c arc iiidct)tcd to Dr. R. S. Stone for his collalroration in the-'c studios. 

t This ajiparatus was made availahle thronch the courtcs>’ of the General Electric 
-Y-ray Corporation. 
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in this series of experiments received 400 r and 1 vial received GO r of 
A'-radiation. 

All irradiation with neutrons was done under the same conditions. The 
neutrons were generated by the 60 inch cyclotron at the Radiation Labora- 
tory in Berkeley by bombarding beryllium with 16 million volt deuterons. 
The neutrons were collimated to a 10 by 15 cm. field at 100 cm. from the 
beryllium target by the standard arrangement used for treating patients.'* 
The beam was filtered through 3 cm. of lead to suppress gamma rays. 
The exposure was measured with an 100 r size Victoreen condenser r-meter, 
and the readings were called “n” instead of “r” when the meter was 
exposed to neutrons. In the first series of experiments, 50 n of neutron rays 



Fig. 1. — Comparative effects on lymphocytes in marrow cultures of 200 r of Roent- 
gen rays at 1000 kv. and at 200 kv. and of 50 n of neutron rays. The points on the 
curves represent the weighted averages of the absolute number of lymphocytes in the 
corresponding vials of the 4 experiments expressed in percentage of the absolute 
number of lymphocytes in the 4 controls at the same time. The time of irradiation 
was 24 to 48 hours before the cultures were put in the incubator. They were m 
transit from Berkeley to Portland during the 24 hours preceding the time they were 
placed in the incubator. The factors used in the irradiation are given in the tex ■ 


tvere given to 1 vial to compare with other vials from each of these experi- 
ments which received 200 r of 220 kv. Roentgen rays and 200 r of million 
volt Roentgen raj's. In the second series of experiments, 1 vial from eac i 
culture received 15 n of neutron rays to compare with the vial in the same 
experiment that received 60 r of Roentgen rays, and 1 vial was given luu^ 
of neutron radiation to compare with the vial from the same culture reced- 


ing 400 r of 220 kv. Roentgen rays. I 

The radioactive phosphorus was prepared with the 60 inch eyclotrim nn 
introduced into the vials in the form of disodium phosphate, i'' 

The radioactive phosphorus gives out only beta rays (no gamma or am 
ra5"s) wiiose maximum energj' is about 1.7 million electron volts, 
activity was measured with a Lauritsen electroscope. From phj’sical oa 
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it was calculated that an average of 1 microcurie uniformly distributed 
through 1 cc. of culture should produce the same ionization in a 24 hour 
jieriod as an exposure to 35 r of Roentgen rays. On this basis, the amount 
which should produce the same ionization as would 400 r of Roentgen rays 
in a 24 hour ])eriod was calculated and introduced into 1 vial from each 
experiment of the third series. An equal volume of the same concentration 
of non-radioactive disodium phosphate was introduced into the control 
vial at the same time. On return of the cultures about 24 hours after 
irradiation the vials Avere centrifugated and the medium removed and fresh 
medium not containing radioactive phosphorus but identical in composition 
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Fig. 2.— Conipanitivc ofTccts on proRianulocytes of GO r of Roentgen raj's at 220 kv., 
15 n of neutron rays, 100 n of neutron rays, and 400 r of Roentgen rays at 220 kv. 
(based on the weighted averages of 13 experiments). Also of 400 r of Roentgen rays 
at 220 kv. and an average of 11.4 microcuries of radioactive phosphorus per cc., acting 
over a period of 24 hours (based on G experiments). Compare these curves with the 
corresponding curves for Ijunphocy tes from the same two series of experiments shown 
in Figure 3. The factors used in the radiation are given in the text. 


with the medium introduced into the other vials of the same exiieriment 
was added. The time of removal of the medium was noted, and the re- 
moved medium was shipped back to the Radiation Laboratorj' tvliere 
ciuantitative studies indicated that over 90 per cent of the radioactive 
phosphorus was recovered. 

The total nucleated cell counts tvere done by the cerebrospinal fluid 
cell counting method.'^' In each instance, about 400 cells were counted, so 
that the standard deviation of these individual determinations was about 
+ or -oTc. The differential cell counts were done on Wright’s stained 
sine.ms, and the cells were cla.sslfied according to the criteria given in the 
‘ Atlas of HcinatologA-” by Osgood and Ashworth.’® AWierever possible, 
enough cells were enumerated so that at least 20 of each type of cell ivere 
counted. This often necessitated counting several thousand cells. All of 
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the determinations were made bj' one of us (E. A. P.), so that there should 
be a minimum of variation in the technique. From the total and differential 
cell counts, the absolute numbers of each type of cell at each time period in 
each of the cultures was determined. The absolute number of cells of each 
type in each ^^al of each experiment was plotted on graph paper. From 
these graphs the absolute number of each type of cell in each vial was read 
off for 24, 48, 72, 96 and 120 hours after the culture was placed in the 
incubator. Since the total nucleated cell counts decrease in the controls 
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Fig. 3. — Comparative effects on l3Tnphocytes of 60 r of Roentgen rays at 220 In -. 
15 n of neutron rays, 100 n of neutron rays, and 400 r of Roentgen rays at 2-0 "t. 
(based on the -n-eighted averages of 13 experiments) . Also of 400 r of Roentgen rajs 
at 220 kv. and an average of 11.4 microcuries per cc. of radioactive phosphorus, acting 
over a period of 24 hours (based on 6 experiments) . Compare these cunus irit 
corresponding curves for progranulocytes from the same two series of experime 
shown in Figure 2. The factors used in the radiation are given in the text. 


while the absolute numbers of some cell types increase and others decrea- 
during the time of irradiation it is necessarj’’ to compute the numbera o 
particular cell type in an irradiated anal in percentage of the same typ® 
cell in the non-irradiated control in order to show clearly the effects oi irr ' 
diation. The points on the curv^es shown in Figures 1 to 3 were, thereio , 
computed as follows: The absolute number of lj’mphoc)'tes per 6-ra • 
for each time period from 0 to 96 or 120 hours for the control in each exp 
ment was added together, which gave the total number ofI}TnphoC 3 Tes p 
c.mm. in all of the controls of the series of ex^periments. The total ao.. 
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number of lymphocytes per c.mm. for the vials which received the same 
type and amount of irradiation from the same series of experiments were 
added in the same way, and this total was divided by the total of the 
same type of cell in the control and multiplied by 100 to give the absolute 
number of Ijanphocytes from all experiments receiving the same dose and 
type of irradiation in percentage of the total absolute number of Ij’-mpho- 
cytes in the corresponding controls. In other words, this gave a weighted 
average of the percentage of lymphocytes in all of the cultures receiving 
one type of irradiation in terms of the numbers of the spie type of cell 
in the control at the same time period. Consequently, if there were no 
deviations from the control the figure should be 100% within the limits of 
experimental error of the method, and any deviation from the 100% line 
greater than the experimental error of the method must be due to the effect 
of the irradiation given. The results were similarly computed for the other 
types of cells and are plotted in Figures 1 to 3. Note that the time, not 
the exposure, is plotted on the X-axis and that the whole curve represents 
the effects of a particular wave length, exposure, and modality of irradia- 
tion relative to the control at the same time. The results for the granulo- 
cytes (myelocytes), metagranulocytes (metamyelocytes), rhabdocytes (staff 
cells), and lobocytes (polymorphonuclear neutrophils) were not plotted, 
since our previous work® showed that onl 3 ’’ the l 3 miphocytes and granulo- 
cytes divide and that the more mature cells of the granulocyte series follow 
tiie curve of the progranulocytes but leave the control line at progressively 
later intervals. 

Three series of experiments were perfonned. In the first series, consisting 
of 4 experiments, 200 r of X'-radiation was given at 200 kv. to 1 vial, 200 r 
at 1000 kv. to another vial, and 50 n of neutron raj’-s was given to a third vial. 
The fourth vial from each experiment constituted the control (see Fig. 1). 
Only 2 experiments out of the first series jiad enough progranulocytes to 
count, so that the curves were not of sufficient statistical significance to be 
worth including. 

The second series of experiments included the data from 13 experiments 
in which for each experiment there was a control, a ^^al w’hich received 60 r 
of X-radiation with the 220 kv. machine, 1 which received 15 n of neutron 
radiation, another which received 100 n of neutron radiation, and a fifth 
which received 400 r of X-radiation with the 220 kv. machine. Both 
jDrogranulocytes and l 3 Tnphocytes were plotted. The results are shown in 
Figures 2 and 3. 

The third series of experiments consisted of 6 experiments in which there 
was a control culture, 1 culture which received 400 r of X-radiation Avith 
the 220 kv. machine, and another culture which received beta radiation 
from an average of 11.4 inicrocuries of radioactive phosphorus for a 24 hour 
period. Data from these 6 experiments are plotted for progranulocytes 
and l 3 unphoc 3 des in Figures 2 and 3. 

Comment and Eesults. Note from Figures 1 to 3 that the ciirve.s 
for lyinphoc.vtes and progranulocytcs in all e.xperiments approach a 
straight line within the experimental error of the method. They fall 
from the control level at the time the cultures were put into the 
incubator until the last determinations were made. The straight 
line character of the drop was similar to that noted in all previous 
experiments with irradiation by the same method for lA'inphocA'tes 
and progranuloeytes and fits well with the theor\' based on our 
previous work that irradiation inhibits the onset of amitotic division 
in the lymphocytes and mitotic division in the progranulocA-tes. 

vou 204, NO. a. — •sr.PTEMiir.n, 1912 13 
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The curves in these experiments at first sight appear to differ from 
the curves in the pre\dous experiments in that in Figures 1 to 3 
the decrease in lymphocytes and progranulocytes begins man\' hours 
after the time of irradiation; whereas, in previous experiments the 
decrease began immediately after irradiation. This is apparently 
explained, however, by the fact that in the previous experiments 
the cultures were placed in the incubator immediately after irradia- 
tion, and in these experiments the cultures were not placed in the 
incubator until after they had been returned from Berkeley. In 
both series of experiments, therefore, the decrease relative to the 
control began immediate!}’ after the cultures were placed in the 
incubator. The most plausible explanation for this difference seems 
to be that during the time of transit of the cultures from Berkeley 
to Portland after irradiation they were at the temperature of the 
outside air or at room temperature and, consequently, the cells 
in the controls did not divide. If the action of irradiation were to 
inhibit the onset of cell division no difference from the control would 
be expected until the cultures were placed in the incubator and cell 
division began. Although the effect obviously occurred at the time 
of irradiation no morphologic or quantitative differences relative to 
the control were detected until the cultures had been incubated, 
even though 24 to 48 hours had elapsed since the time of irradiation. 
Since less than 1% of the cells were in process of di\dsion during 
irradiation with roentgen or neutron rays, it would seem impossible 
to explain the major effect as due to the action of ionizing irradiation 
during the time of cell division. 

In each of the irradiated cultures, whether irradiated with neutron 
rays, Roentgen rays, or the beta rays emitted by radioactive phos- 
phorus, a few large bizarre cells were noted after incubation. These 
were interpreted as representing cells which had undergone mutation 
preventing normal development.® No other morphologic differences 
between the irradiated cultures and the non-irradiated controls were 
noted. There were no more disintegrated cells, such as are seen m 
large numbers when toxins or poisons are added to marrow cultures, 
in the irradiated cultures than were in the controls. This suggests 
that the irradiation did not alter the death rate of the cells as com- 
pared with the death rate in the corresponding non-irradiated con- 
trols. Since the cell population decreased, it must have been the 
rate of cell division, or “birth rate,” which was chiefly affected. 

Note from Figure 1 that there was apparently no significant 
difference in the effect on the rate of cell decrease between exposures 
of 200 r of X-radiation given at 200 kv. or at 1000 kv., nor between 
50 n of neutron rays and 200 r of X^-radiation. In previous experi- 
ments" no significant difference was found between the effects o 
400 r of X'-radiation given at 200 kv. vdth a half-value layer o 
1.54 mm. of copper and 400 r given at 140 kv. w’ith a half-vaue 
layer of 0.36 mm. of copper. It would appear, then, that the effec 
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of Roentgen rays depends on the amount of ionization produced in 
the region of the cells and not on the wave length. Consequently^ 
if there is any advantage in the use of million volt Roentgen rays it 
would have to arise from a superiority of depth dosage* or a decrease 
of skin damage.** 

Note from Figures 2 and 3 that 100 n of neutron rays and 400 r 
of 220 kv. Roentgen rays had the same effect within the limits of 
error of the method on progranulocytes and on lymphocytes, and 
that the effect on lymphocytes of the same exposure to irradiation 
was somewhat greater than on progranulocytes. There also appears 
to be no significant difference between the effects on progranulocytes 
of 1 5 n of neutron rays and 60 r of Roentgen rays, but at first sight 
it would appear that 15 n of neutron ray’^s has less effect on ly^mpho- 
cytes than 60 r of Roentgen rays. However, at 96 hours the counts 
in the cultures were so low that statistical analy^sis shows that this 
difference is less than one standard deviation, so that it is probably 
not significant. From the data in Figures 1 and 2 it may’^ be con- 
cluded, therefore, that the ratio of exposure, ^ for ly^mphocydes and 
progranulocytes as irradiated in the marrow cultures is approxi- 
mately 4. This value lies near the center of the range, 2 to 10, of 


reported values** for the ratio, 

Note from Figures 2 and 3 that 400 r of Roentgen irradiation with 
the 220 kv. machine and an average beta ray activity^ of 11.4 micro- 
curies per cc. of radioactive phosphorus acting over a 24 hour period 
had the same effect on progranulocydes and lymphocytes within the 
limits of error of the method. From these data it would appear that 
exposure over a period of 24 hours to an average beta ray'" activity 
of 1 microcurie of radioactive phosphorus per cc. has about the same 
effect as 35 r of Roentgen ray^s on living human lymphocytes and 
jirogranulocytes in marrow cultures. This is the same factor which 


was computed from phy^sical data for the relative ionization by^ 
radioactive phosphorus and Roentgen rays.** Since the radiation 
with radioactive phosphorus was continuous over a 24 hour period, 
whereas the 400 r of 200 kv. A'-radiation was given in tlie course of 
about 13 minutes, it is apparent that in this case there was little 
difference in the effect of a given amount of ionizing irradiation 
whether given in a short period of time or over a much longer period. 

The theory advanced on the basis of previous data obtained by 
the marrow culture technique would appear to fit well with the data 


obtained in these experiments. These data would appear to justify 
extending it to other wave lengths and modalities of ionizing irradia- 
t ion. This theory is that the action of ionizing irradiation in the doses 
enqiloyed in clinical therapy is ehieffy to inhibit the onset of mitotic 


and amitotic division in cells capable of such division. In addition, 
such ionizing radiation tends to produce somatic mutations in some 
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cells. In the marrow cells studied the radiosensitivity of a particular 
cell type appears to depend on the rate of cell division and the life 
span. The more frequent the cell division and the shorter the 
natural life span, the more sensitive is the cell type, and vice versa. 

If the theory of inhibition of cell division is correct, certain facts 
must follow. There should be an upper limit of dose radiation for 
each cell type, beyond which increase in the amount of radiation 
has no further effect on the slope of the curve representing the time 
rate of decrease of the population, assuming of course that the doses 
are considerably below the excessively large doses necessary to 
produce direct killing of cells. This limit would correspond to the 
complete inhibition of cell division in all cells of that type. For 
example, if the life span of the lymphocyte is assumed to be 24 hours 
and tile action of ionizing radiation is only to inhibit cell division 
and not to kill lymphocj-tes, the slope of the curve of decrease in 
lymphocytes could never be made more precipitous than a line drawn 
from the 100 per cent line at zero time to the zero line at 24 hours. 
This point is noiv under investigation. Cells incapable of division 
show no effect from irradiation with exposures to this order of mag- 
nitude, except those secondary to the effects on other cells which 
could have divided and matured to this stage. This has already 
been demonstrated to be true for the neutrophil lobocytes w'hich have 
a natural life span in marrow" cultures of 48 to 90 hours® and have 
never been observed to divide but show' no significant difference 
from the counts in the control vials until after 72 to 96 hours.® 


Quantitative effects of irradiation could not be accurately evaluated 
unless the proper time were chosen. This time must be determined 
from the beginning of the period w'hen conditions suitable for cell 
division are instituted and not from the time of irradiation, since no 
effects should be observed until the cells begin to divide. That this 
is true is showm by comparison of the curves for 400 r of radiation 
W'hen incubation w'as begun immediately after irradiation® with 
those in Figures 2 and 3 w'hen incubation w'as delayed. 

Summary. Controlled quantitative studies of biologic effects of 
Roentgen rays produced wdth 1000 kv. apparatus, of Roentgen rays 
produced with 200 kv. apparatus, of beta raj's (average 600 kv.) 
emitted b.v radioactive phosphorus, and of neutron raj'S w'ere made 
by the technique of hurdan marrow' culture. An exposure to 200 r 
of 200 kv. Roentgen rays had similar effects to an exposure to 200 r 
of million volt Roentgen rays on lymphocytes. An exposure to 50 n 
of neutron rays had similar effects to an exposure to 200 r of Roent- 
gen rays given at 200 kv. or 1 million volts. An exposure to lo ^ 
of neutron rays had similar effects on both lyraphocj'tes and pro- 
granulocy'tes to an exposure to 60 r and 400 r respectively of Roen - 


gen rays given at 220 kv. The exposure ratio, for lymphocytes 
and progranulocytes in marrow' cultures is approximately' 4. One 
microcurie average of radioactive phosphorus distributed throug' 



PATHOLOGIC CHANGES FROM ELECTRICAL SHOCKS 


381 


1 cc. of human marrow culture acting for a period of 24 hours has an 
effect similar to 35 r of high voltage Roentgen rays on lymphocytes 
and progranulocytes. These effects and the straight line character 
of the drop may all be explained if the major action of the ionizing 
radiation is to inhibit the onset of mitotic and amitotic division of 
the cells receiving the irradiation. 

The authors are deeply indebted to Dr. J. H. Lawrence and to Dr. E. 0. Law- 
rence for their cooperation and interest in this study. 
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XuMEROus studies of both experimental and clinical material 
have shown that rather definite pathologic tissue changes result 
from shock therapy with insulin and with mctrazol. In view of the 
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recent extensive use of electrical shock in the treatment of psychoses, 
we were led to undertake the following investigation with the object 
of comparing the brain changes induced by this modality with 
those produced by the above-mentioned convulsant agents.* 

Procedure. Convulsions were repeatedb' induced in a series of 12 mon- 
grel_ dogs by the application of an alternating electrical cunent. The 
equipment! was the same as that used the Department of Psychiatry in 
electrical shock therapy'. The electrodes were applied over shaved areas 
of the skin superior to the zygomatic arch in the temporoparietal region, 
external to the motor area of the brain. Shocks were applied at a potential 
of 80 volts and a current strength of 200 ma.; the duration of the individual 
shocks was 0.15 second. J Shocks were administered at 3 to 5 day inter\'als. 

The total number of shocks given each animal is shown in Table 1. For 
the most part the animals were given the number of shocks which are admin- 
istered to patients. Individual animals varied considerably in respect to 
the severity of the commlsive manifestations induced by the alternating 
current applied. The variations are indicated in Table 1 by slight, moderate 
and marked, depending upon the degree and duration of comnilsive seizures. 
Those rated marked lasted several minutes after the shock was applied and 
were accompanied by tonic and clonic contractions, frothing at the mouth, 
and involuntary defecation and micturition. Moderate comuilsions were 
those ■which were quite marked during the application of the current but 
from which recovery' occurred within a minute or two after the shock. 
Slight convulsions did not continue after the current was stopped. 


Table 1.— Tabulation or Results. 

Experiment. 


Protocol 

No. 

Dog. 

No, Sex. 

Duration, 

days. 

No. of 
shocks. 

Degree of 
severity of 
convulsions. 

Recovery 

interx-al, 

days. 

Remarks. 

1 

1 

F 

25 

14 

Marked 

0 


2 

2 

F 

46 

25 

Marked 

129 


3 

3 

M 

31 

17 

Slight to 

26 


4 

4 

F 

53 

16 

moderate 

Moderate 

4 


5 

5 

F 

63 

18 

Marked 

12 


6 

6 

M 

53 

15 

Marked 

42 


7 

7 

F 

15 

4 

Marked 

0 

Killed for distemper 

8 

8 

M 

15 

5 

Marked 

0 

Very excitable 

9 

9 

M 

5 

2 

Marked 

0 

Death on 5th day 

10 

10 

M 

15 

5 

Marked 

0 

(pneumonia) 
Spontaneous death 

11 

11 

F 

26 

8 

Moderate 

0 

Spontaneous death 

12 

12 

F 

14 

5 

to 

marked 

Marked 

1 



Many of the animals became quite unruly during the time the shocks 
were being given. A number of them even developed savage tendencies. 
On the other hand, dogs which xvere permitted to survive a number o 
weeks without the shock treatment did not exhiirit any abnormal behano 
during this recovery' period. 

* A paper is in preparation dealing with the br.ain changes in 2 human ca.cs 
following electrical shock therapy. _ Vnrk. 

t Manufactured by Rahm Instrument Company, 12 West Broadway, lycn • 
t Preliminary experiments showed that there was considerable variation m 
susceptibility of dogs to the development of convulsions and that with a curren 
less than SO volts, some of the animals failed to show convulsions at all. 
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Some of the animals in the series died during the experiment. The 
others were killed by bleeding, under nembutal anesthesia. Blocks of tissue 
from the various organs obtained at autopsy were fixed and prepared for 
histologic study by routine methods. Frontal sections were made of the 
brains and blocks were taken from frontal and temporoparietal cortices, 
liasal nuclei, cerebellum, and medulla. These tissues were examined by 
the Nissl method; some of the tissues were prepared by the hematoxj’-lin- 
eosin method and by the Loyez, Cajal, and Hortega methods. 



Fio. 1. — Sm.'ill areas of cortical devastation from Dog 1 which had 14 marked con- 

^'ulsions. (Nissl, X 125.) 

Protocols. Dog 1. Brain: Changes marked. Vascular dilatation and 
petechisB. Nerve cell changes: swelling, vacuolation, extrusion of nuclei, 
paleness. Some satellitosis and neuronophagia. Numerous scattered 
shrunken elongated dark cells without clearly visible nuclei. Occasional 
circumscribed areas of recent necrosis with severe and ischemic changes— 
little glial reaction. Edema in white matter; myelin sheaths swollen and 
kinked; no definite demyelinization. Faintly basophilic grajush globules 
in white matter. Focus in subcortical white matter: small vein with round- 
cell infiltration, surrounded by dense area of proliferated oligodendro- and 
microglia. Other organs: Congestion. 

Dog 2. Bratn: Moderate number of swollen, vacuolated ner\'e cells 
with reticular cytoifiasm. Occasional small areas of devastation, with 
ghost cells. Few glia stars at site of necrotic ner\-e cells. Slight swelling 
of macroglia ; small numbers of fibrillarj’ astroevtes. Swelling and kinking 
of occasional myelinated fibers; no definite demvelinization. Small 
amounts of perivascular fat in white matter. Other organs: Congestion; 
slight acute pneumonitis. 

Dog 3. Brain: In corte.x and basal ganglia: swelling and vacuolation 
of numerous nerve cells; delicate network of strands and granules in cyto- 
pla.sm of some. Nuclei generally well preserved. Numerous dark-stained 
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nerve cells. Occasional severe cell change.s and ghost celts. Swelling of 
oligodendrqglia in cortex. Changes disseminated, apparent^ independent 
of circulation. Moderately increased number of glia cells, especially 
microglia, in molecular lay'er of cerebellum. Purkinje cells well pre-seived 
Other organs: Congestion. 

Dog 4. Brain: Widely' scattered nerve cells with swollen and vacuolated 
c.ytoplasm and normal nuclei. Few dark-stained elongated slender nen-c 
celts. Many nerve cells normal. Rarely minute cortical foci with ghost 
cells; little or no glial reaction. Vascular dilatation and pctechix in few 
cortical areas. Slightly increased amounts of perivascular fat in white 
matter. Other organs: Congestion; slight acute peribronchitis. 



Fig. 2. — Swelling, granular appearance and vacuolation of cortical nerve cells from 
Dog 1 which had 14 marked convulsions. (Nissl, X 660.) 


Dog 5. Brain: Changes less pronounced than in others: some tigrol- 

ysis and vacuolation of nen'e cells. Most nen'e cells essentially 
No glial reaction. Occasional vascular dilatation and petechi®. 
negligible sweUing and diminished tingibility in myelinated fibers. Other 
organs: Congestion; diffuse acute pneumonitis; chronic pyelitis. 

Dog 6, Brain: Swelling and vacuolation of many nerve_ cells; hj®”! 
cells normal. Occasional satellitosis and neuronophagia, especially in basal 
ganglia and thalami. Vascular dilatation and recent petechiie in several 
parts of cortex. Other organs: Congestion. 

Dog 7. No autopsy'. . ir 

Dog 8. Brain: Changes in numerous nen'e cells in all areas; swelling, 
vacuolation, indistinct cell borders, granular cy'toplasm, occasionally intra- 
nuclear granules. Occasional severe changes and ghost cells. Little or no 
glial reaction. Other organs: Congestion. i f- n 

Dog 9. Brain: Damage rather severe; tigroly'sis, swelling, vacuolatiO ; 
shrinkage, granular cy'toplasm. Severe and ischemic cell changes. , 
more damaged than in others; many' hy'perchromatic and distorted. DU 
reaction absent or slight; some early microglial proliferation 
Marked congestion and occasional hemorrhage in meninges. UnicKen k 
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of ependymal lining; some subependymal gliosis and hemorrhage. Changes 
not those of autolysis. Other organs: Congestion; pneumonia with lung 
abscesses and empyema. (Severe pneumonic infection : animal had had only 
2 electrical shocks.) 

Dog 10.— No autopsy. 

Dog 11. Brain: Dark-stained cells with “chronic” changes numerous. 
In some areas: paleness of cells, severe and ischemic^ changes. Glial reac- 
tion little or none. Many pylaiotic nuclei. Few slightly swollen nuclei. 
Very rarely small “gliarasen.” Other organs: Congestion; aspiration Avith 
slight patch}’- pneumonia. 



Fk:. 3.— Sclerosed, ischemic, and granular cortical nerve cells from Dog 9 which had 
2 marked convulsions. (Nissl, X 250.) 

Dog 12. Brain: Changes^ diffuse, somewhat similar to but less marked 
than those of Dog 9. Occasional minute foci: palene.ss and ghost nerve 
cells, lilost glial nuclei small and dark; occasional large pale nuclei and 
“gliarasen.” Few recent petechia} in meninges or near ependATnal lining. 
Other organs: Congestion. 

Results and Discussion. Tlie most pronounced changes observed 
were in the brain. Tlie cortex was more involved than the extra- 
cortical gra}' matter. The patliologic changes in the corte.x were 
perhaps more noticeable in the vicinity of the pathway of the 
electrical current (temporoparietal cortax). 

The following outstanding neuropathologic changes were observed. 
The nerve cells .riiowed rather widespread damage, including 
tigrolysis. iialeness. swelling, vacuolation, and in some instances 
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even ischemic and “severe" changes. Satellitosis and neurono- 
phagia were found occasionally. In certain small circumscribed 
areas only pale, ischemic, ghostlike cells remained. Numerous cells 
exhibited “chronic” alterations: the cells appeared dark, slender 
and shrunken. The glia and microglia revealed slight proliferative 
changes. In a few of the animals some of the myelinated fibers 
showed slight damage, associated with a mild degree of edema in 
the white matter. The latter changes probably are of little sig- 
nificance. Vascular dilatation and minute hemorrhages were ob- 
served in the corte.x, in the meninges, and around the ventricles in 
some of the brains. Congestion was the chief observation upon 
histologic examination of the other organs. The neuropathologic 
findings are similar in many respects to those of i\Iorrison, Weeks, 
and Cobb,® who found a tendencj’' to hemorrhage, shrinkage of 
ganglion cells, mild reaction of glia, and absence of demyelinization. 

Although the changes described in the brain are definitely patho- 
logic, they are not to be regarded as serious. Most of the nerve cell 
nuclei remained fairly ivell preserved. iVIany of the changes ap- 
peared to be reversible. The dogs during the recovery intervals 
failed to show clinical signs of brain involvement, as measured by 
the general behavior rather than by any specific neurologic tests. 
Variation in the degree of involvement may well be influenced by 
variation in individual susceptibility and by the degree of severity 
of the convulsions. In 2 dogs (Dogs 5 and 6), which had survived 
the experiments 12 and 42 days respectively, the findings were less 
pronounced than in the other dogs, although Dog 5 had 18 and 
Dog 6 had 15 markedly severe convulsions. On the other hand, 
Dog 2, which had undergone 25 markedly severe convulsions and 
was allowed to sur^'i-\m the ex-periment for 129 days, showed decided 
changes in the involved parenchyma. In 1 animal a small vein in 
the convolutional white matter showed lymphocytic infiltration and 
was surrounded by proliferated oligodendro- and microglia. Baso- 
philic or grayish globules, observed only in the celloidin-embedded 
material, in the white matter of the same animal, are of questionable 
significance and possibly are artefacts. Similarly, the dark cells m 
the cortex may be artefacts, as recently pointed out by Scliarrer. 

The investigations of several workers indicate that the brain 
changes induced by electrical shock are partly due to the direct 
effect of the current upon the brain parenchyma and partly due to 
the effect of the current upon the cerebral circulation (Morrison, 
Weeks, and Cobb, and Alexander*)- The fact that the changes ten( 
to be slightly more se^'ere in the vicinity of the pathway of the cur- 
rent suggests the possibility that the current exerts a direct action 
upon the brain parenchj-ma distinct from any effect upon the circu- 
lation. The findings of iMorrison, Weeks and Cobb, as well as tbteC 
of Echlin," that the current brings about a contraction of t ie 
intracranial arteries, point to an involvement of the circulation m 
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the pathogenesis of the lesions. PetechitE and small foci of ischemic 
necrosis observed in the present work also suggest circulatory effects. 

For a long time it has been known that rather marked cerebral 
changes are to be found in patients with epilepsy. Recent use of 
convulsant therapy has renewed interest in the effects of convulsions 
upon the architecture of the brain. Shock therapy with insulin 
or metrazol has been shown to be accompanied by more or less 
marked pathologic changes in the brain. 

Conclusions. The present studies indicate that some degree of 
neuropathologic change is to be expected in animals given electrical 
shocks of the same strength and duration as those employed clini- 
cally. Our results suggest that histologic changes induced by elec- 
trical shock in the brains of dogs are somewhat less severe than the 
changes we found following metrazol.® 
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INTRAMUSCULAR PRESSURE. 

m. The Action of Various Drugs on Patients With 
Normal Intramuscular and Venous Pressure.* 

By Lewis Gunther, M.D.,t 

assistant clinical professor of medicine, college of medical evangelists, 

LOS ANGELES, CALIF.; ASSOCIATE SENIOR PHYSICIAN, CEDARS OF LEBANON HOSPITAL, 

Ludwig Strauss, M.D., Henry H. Henstell, M.D.,| 

CLINIC PHYSICIAN, CLINIC PHYSICIAN, 

AND 

Hym.vn Engelberg, M.D., 

CLINIC PHYSICIAN, 

LOS .ANGELES, CALIF. 

(From the Cedars of Lebanon Hospital.) 

The action of different drugs in various shock-like states wherein 
intramuscular and venous pressures fell to a low level, was reported 
in a previous communication.* It tvas observed that a 25% solution 
of Pyridine-beta-Carbo.xylic acid diethylamide (Coramine-Ciba) 
when administered intravenously raised the lowered level up to 
the normal range. Concomitantly, the low level of venous pressure 

* .\idod by a grant from the Ciba Ph.annaccutical Products, Inc., Lafayette Park, 
Summit. N. .1. 

t Now in military service as Lieutenant-Commander, M. C., U. S. N. R. 

J Now in militarj- service as First Lieutenant, M. C., L'. S. A. R. 
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ivas also raised. In shock-like states the range of increase in intra- 
muscular pressure was from 19 to 65 mm. HoO. The average increase 
in M observations was 38.5 mm. The range of increase in venous 
pressure was from 1.0 to 12.2 cm. H 2 O. The average increase was 
5.2 era. (Table 1). 

Our observations after the use of the drug on humans differed 
from those reported in animals- in two re.spects: 1, the marked 
pressor effect seen in animals was absent and, 2, there was a marked 
■i^enous pressure increase in humans. The opposite observations 
were reported in normal animal experiments. 

In an attempt to reconcile the discrepancy of these observations, 
Coramine, as well as other drugs which we also tested in shock-like 
conditions^ was administered to ward patients who were either 
convalescing or otherwise not acutely ill. T/te initial intramnsculaT 
and venous jjressiires of these patients were within the normal range 
of vahies at the outset of these experiments. The difference in response 
to Coramine, between patients with low and normal levels at the 
outset is shown in Table 1. 


Table 1. — Difference in Response to Coramine Between Patients With 
Low AND With Normal Levels op Intramuscular and Venous 
Pressure at the Outset. 


Mm. HjO increase in Cm. HjO increase in 

intramuscular pressure. venous pressure. 

Least. Greatest. Average. Least. Greatest. Average. 

In sliock-Iike conditions wherein . 

initial values are at a low level . 19 65 38.5 1.0 12.2 o.i 


In normal subjects wherein initial 

values were within normal range 4 AZ 18.5 0.7 7.6 


A17 and B25 (Exp. 1) had initial high intramuscular pressure 
levels; the others were within the normal range of 60 to 90 mm., 
noted by other workers.^* The greatest increase in intramuscular 
pressure in normals, after Coramine was 43 mm., and the smallest 
was 4 mm., the average increase being 18.5 mm.f The increase m 
venous pressure was a maximum of 7.6 cm. and a minimum oi 
0.7 cm., the average increase being 3.5 cm. (Table 1). The pressor 
effect of Coramine was not constantly obtained. It was marked m 
the patient (A29) given 10 cc. of the drug intravenously (Exp. !)• 
In 2 apparently normal individuals, we failed to obtain the marked 
respiratory stimulation or increase of intramuscular pressure wliicn 
characteristically follows the intravenous administration of 5 cc. oi 
Coramine. The data on one such instance is shown in Experiment . 
In a previous communication we called attention to this discrepancy . 


* IVe have noted values over 91 mm. and up to 116 mm. in 10 apparently •_ 
individuals on 13 occasions. These were the highest values recorded by us in appi • 
mately 1000 intramuscular readings in 120 persons. The instruments descn e 
Henderson’ was used in approximately 400 readings, and that by Gunt er 
HenstelP was used in the remainder. fa 

t The possible range of error in the measurement of mtramuscuiar pr ^ 

10 mm. The possible error in venous pressure measurement in a quiet an 
operative patient is 1 cm. 



IN'J’IJAMUSCULAR PRESSURE 


389 


One patient Avho was in shoek likewise failed to show the eharaeter- 
istic respiratory response and an increase in a lowered intramuscular 
pressure following an initial dose of 5 cc. of Coramine intravenously^ 
However, the physiologic response followed administration of 
adequate amounts of the drug. The adequate dosage varied from 
5 to 20 cc. With this exception noted, it was not necessary to 
administer more than 10 cc. 

Coramine by mouth (10 cc.) showed no change in tlie intra- 
muscular pressure (B25 Exp. 1). 


Table 2. 



Time in 

Intramus- 





minutes 

cular 

Venous 

Blood 



after 

pressure. 

pressure. 

pressure. 

Pulse rati 

Patient; Commciit.s. 

injection. 

mm. HrO. 

cm. H»0. 

mm. Hr. 

per min. 


Experiment 1 on 

Coramine. 



A 17 Before 


100 

7.9 



Coramine 10 ec., intraven- 

10 

143 

15.5 



ously 

18 

100 

10.5 



A 23 Before 


09 

7.0 

120/80 


Coramine 5 cc., intraven- 

2 

85 

10.0 

122/84 

105 

ously 

7 

79 

8.3 



Then a second injeotion of 

11 

85 

10.8 

130/100 

98 ' 

Coramine 10 cc., intra- 

23 

72 

9.0 

114/82 

82 

venously 






A27 Before 


93 

9.7 


72 

Coramine 10 co., intraven- 

4 

113 

15.3 


125 

ously 

10 

91 

10.8 


88 

A2fl Before 


90 

9.1 

130/90 


Coramine 10 co., intraven- 

2 

100 

11.1 

212/148 


ously 

lb 

100 

10.1 

170/114 



25 

85 

0.1 



B2.a Before 


110 

7.2 

112/70 

70 

Coramine 10 cc., orally 

io 

114 

7.5 

110/70 

70 


20 

no 

7.9 




30 

109 

0.0 

104/72 

08 


50 

107 

0.5 



Experiment 2 

on Coramine, Atypical Eesponec. 


A23 


75.3 

7.0 

118/82 


5 ce. Coramine I.V.*' 

2 

87.3 

8.7 




n 

82.5 

8.4 



5 ee. Coramine I.V.* 

3 14 

91.3 

10.0 

122/84 



10 24 

81.5 

8.3 

122/84 


10 cc. Coramine I.V.* 

20 






5 31 

90.5 

8.8 

1.30/100 


Experiment ; 

? on Caffrinc Sodium Bch 

\:oate. 


A43 Before 


00 

5.7 

148/95 

88 

Caffeine Sodium Benroate, 


00 

0.8 

175/110 

100 

7} Rr., intravenously 

15 

Ofi 

7.2 




ATiS Before 

Caffoino Sodium Bcnr.oate, -f 

4 irr., intravenously; then 10 

a second injection of 
15 Rr. intravcnouslv 5 15 

10 20 

ATo Before 

CalTcine Sodium Bcnroatc. “ 

“i Rr., intmvcnou.sly 12 

A<>4 Before 

t'.afieine Sodium Benroate. 5 

“5 Rr.. intravenously 10 


83 

8.5 

130/SG 

78 

77 

77 

8.5 

9.5 

132/90 


77 

8.0 

132/90 

SO 

§1 

12.0 

150/90 

124 

77 

11.5 

150/88 

124 

98 

8. 8 

95/72 

00 

103 

11.8 

120/90 

50 

98 

9.9 

110/82 

50 

SO 

11.8 

128/84 


82 

82 

15.0 

12.4 

190/110 



.\00 ^ Before 

t’affeine Soilium Benroate, 
7\ Rr.. intravenously 


5.1 

120 TO 

80 

9,2 

10.5/120 

100 

5'. 1 

105 .’98 

81 

4.7 

142,'90 

70 


CO;, 
vol.s. % 
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Time in Intramti**- 



minutes 

cular 

Venous 

Blood 



Patient; Comments. 

after pressure. 

pressure, 

pressure, 

PuUe rate 

CO:. 

inhalation. mm.HjO. 

cm. HiO. 

mm. Hg. 

per min. 

vols. 5 


Experiment 4 on Inhalation of CO: Gat. 



A23 Before 



74 

8.1 

120/70 

SO 


CO* stopped 


5 

71 

8.3 





10 

74 

7.7 

118/82 

SO 


A27 Before 



80 

7.3 

145/95 





4 

112 

12.5 

148/102 



CO* stopped 


7 

SO 

n.7 

145/100 




4 

11 

75 

7.7 



A29 Before 



96 

9.1 

124/90 


4G 

CO* stopped 


5 

114 

10.6 

130/90 


4S 


5 

10 

90 

9.0 




A43 Before 



58 

7.2 


92 

oS 



2 

08 

8.G 






5 

78 

9.3 

180/112 

92 


COi stoppedt 


7 

69 

14.4 




3 

10 

64 

10.2 


88 



5 

12 

70 

7.8 





7 

14 

58 

7.3 





15 

22 

CO 

6.3 

148/95 

88 

42 

A75 Before 



94 

8.4 



o4 



1 

100 

9.8 


70 




3 

103 

10.1 

94/70 





4 

100 

9.8 




COs stopped 


7 

100 

9.8 



53 

2 

9 

JOO 

8.5 


50 



5 

12 

92 

7.6 

80/00 



A89 Before 



50 

11.4 

128/88 

90 

48 



3 


14.5 

170/108 

100 


COj stopped 


7 

52 

14. C 



50 

2 

9 

50 

10.2 

120/92 

100 



8 

15 

44 

9.7 

120/90 

96 

50 


14 

21 

50 

10.5 

120/90 

90 


Experiment 5 

on Voluntarp Orerbrealhin{t> 





Time in 






A23 Before 


minutes. 

73 

7.5 

120/80 

SO 




3 


9,0 






4 


9.1 






o 

77 

8.0 

120/70 

100 


Overbreathing stopped 


9 







2 

11 

72 

8.3 





8 

17 

74 

8.1 




A27 Before 



87 

9.8 






3 

86 

14.3 




Overbreathing stopped 


7 

86 

14.3 




Chvostek positive 

22 

29 

60 

9.9 




A29 Before 



95 

10.4 

128/94 


50 



5 

95 

10.1 




Overbreathing stopped 


7 



124/88 


4G 

11 

18 

96 

9.1 



A43 Before 

Chvostek positive 2 

Chvostek positive 4 

5 

7 

Fagging out S 

Chvostek positive 9 

11 

Overbreathing stopped 12 

3 15 

13 25 

Chvostek positive 15 27 

32 44 

A75 Before 

2 

Chvostek positive 4 

Carpopedal spasm present 7 

Overbreathing stopped 11 

2 12 

Spasm gone 5 13 

4.S9 Before 

3 

5 

Overbreathin^ stopped 7 

Chvostek positive 4 

Carpopedal spasm present < 


62 

60 

49 
41 
52 
45 

50 


45 

43 
67 

96 

97 
99 

112 

165 

165 

105 

JOO 

50 

50 

G4 

50 

44 


7.7 I70yi42 S2 

9.5 108 

5.7 175/115 

8.7 

162/100 
9.4 102/110 

7.0 


58 

48 


C.O 

7.8 

6.7 

10.6 

13.1 
12.8 
26.0 
26.0 

18.1 

13.8 

10.8 
10.5 
10.8 
12.0 

14.0 

11.0 
11.0 
11.0 



SS 


1 00/1 10 

88 

5S 

88/08 

54 

5S 

92/74 

72 

59 

90/70 


54 

126/90 

go 

50 

142/90 

100 

40 

150/100 

120 


138/100 

100 


128/90 

96 


130/95 

92 
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IntramuB- 




cular 

Venous 

Blood 



Time in 

pressure. 

pressure. 

pressure. 

Pulse rate CO 2 , 

Patient; Comments. 

minutes. 

mm. HjO. 

cm. H 2 O. 

mm. Hg. 

per min. vols. %. 


Experiment G on Aminophyllin. 


B27 Before 


100 

7,1 

102/50 

G8 

Aminophyllin, 7i! gr., intra- 

10 


5.8 

100/48 

72 

venously 

15 

104 

5.9 

104/64 



25 

102 

5.7 

100/60 

GO 


30 

101 

5,4 



B20 Before 


84 

14.4 



Aminophyllin, 7} gr., intra- 

5 

84 




venously 

10 

81 

14.0 




15 

75 

14.3 




20 

82 

14.0 




Experiment 7 on 

Prostigmine. 


B27 Before 


116 

6.3 

100/70 

76 

Pro.stigmine 3 cc. of 1:2000 

5 

109 

0.8 

100/64 

68 

solution intramuscularly 

10 

103 

7.0 

90/58 

68 


20 

109 

7.8 

100/62 



30 

100 

7.4 

102/56 

66 


GO 

100 

7.1 

102/5G 

68 

B29 Before 


82 

14.0 



1 cc. 1 '.2000 soln. intraven- 

5 

81 

13.7 



ou.sly 30 min. after 7j gr. 

10 

80 

13.9 



aminophyllin intraven- 






ously 






Then a second injection of 

5 15 

90 

14.0 

Twitching: muscle fibrillation 

2 cc. 1:2000 solution in- 

8 23 

85 

14.5 



travenously 

13 28 

80 

14.0 




18 33 

82 

13.9 




21 30 

81 

14.5 



Then atropine sulphate 

5 41 

82 

14.0 

Muscle twitching ceased 

gr. j,lo, intravenously 

10 51 

81 

13.7 




Experiment S on Paredrine, 


B40 Before 


74 

7.2 

120/70 

84 

Parcdrinc 40 mg., subcuta- 

5 

07 

7.0 

140/76 

78 

neously 

10 

OG 

7.5 

160/82 

70 


20 

G4 

8.8 

16S/8G 

70 


30 

01 

9.3 

194/112 

GC 


40 

09 

9.8 

190/110 

70 


GO 

00 

0.0 

170/105 

70 


80 

59 

0.5 

130/72 

78 

B42 Before 


88 

9.2 

120/70 

80 

Paredrine 30 mg., subcuta- 

10 

87 

9.3 

200/110 

50 

neously 

15 

87 

14.5 

210/110 

50 

Ileachichc, extra.systolcs 

20 

77 

13.3 

220/112 

G8 


30 

79 

13.0 

208/110 

70 


40 

S3 

12.0 

194/96 

72 


GO 

83 

9.9 

170/8G 

04 


!)0 

82 

9.0 

150/80 

7G 

1U4 Befoie 


76 

8.0 

132/90 

60 

Paredrine 20 mg., .subcuta- 

1 

76 

8.4 

158/100 

01 

neously 

15 

78 

7.0 

170/90 

56 


25 

4 7 

7.3 

176/100 

GO 


40 

74 

10.4 

180/96 



60 

76 

11.5 

138/82 


BP.) Before 


87 

9.3 

125/92 

59 

Paredrine 20 mg., intra- 

5 

SO 

9.0 

128/88 

59 

muscularly 

15 

78 

9.4 

lGG/102 

52 


25 

79 

8.0 

174/102 

53 


40 

79 

10.4 

178/102 



GO 

71) 

9.1 

158/95 

5G 


80 

4 .5 

8. .5 

142/86 

54 

B.'17 s, Befoie 


112 

12.6 

120/80 

SO 

Pap'drine 20 mg., subeuta- 

,5 

ns 

11.7 

I2S,T6 

SO 

tu'ously 

10 

115 

12.5 

160/88 

68 


15 

126 

13.0 

164/88 



25 

12.3 

13.1 

170/100 

GO 


.35 

122 

13.3 

172/100 

OS 


50 

125 

13.4 

168/102 

7G 


GO 

124 

11.1 

156/100 

74 


TO 

124 

11.8 

142/SS 

70 


00 

ns 

12.1 

108 '68 

95 
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Time in 

Intramus- 





minutes 

cular 

Venous 

Blood 



after 

pressure, 

pressure, 

pressure. 

Pulse rate 


injection. 

mm. HjO. 

cm. HsO. 

mm. Hg, 

per min. 

Patient; Comments. 







Experiment 0 on 

Paredrinol. 



B31 Before 


105 

7.8 

128/90 

94 

Paredrinol 25 mg., subcu- 

5 

105 

7.8 

130/100 

92 

taneously 

10 

105 

8.3 

142/92 

96 


15 

102 

8.3 

154/88 

81 


20 

103 

8.0 

102/92 

80 


25 

104 

8.4 

104/98 

SO 


35 

104 

8.0 

148/92 

SO 


45 

100 

8.3 

142/98 

84 


00 

95 

8.0 

124/88 

84 

B39 Before 


78 

3.7 

112/70 

90 

Paredrinol 40 mg., subcu- 

5 

80 

3.9 

140/80 

88 

taneously 

10 

77 

3.C 

148/88 

84 


15 

i 1 

3.5 

162/98 

88 


20 

G5 

3.0 

100/90 

88 


30 

G5 

3.3 

158/80 

84 


40 

C3 

4.0 

140/80 

92 


GO 

03 

4.0 

132/84 



Experiment Won Strychnine Sulphate. 


A99 Before 


91 

4.5 

120/78 

78 

Strychnine Sulphate a’o Gr. 

5 

92 

4.5 

120/76 

80 

(I.M.), intramuscularly 

10 

94 

4.0 




15 

8.5 

4.1 

124/72 

72 


20 

81 

4.4 

121/72 


Then a second injection of 

10 30 

87 

5.7 

128/76 

78 

gr., intramuscularly 

20 50 

88 

5.2 



(I.M.) 

30 80 

87 

5.1 

126/76 

80 

A 103 Before 


82 

0.9 

98/78 

105 

Strychnine Sulphate j’o gr. 

7 

84 

0.0 

102/78 

104 

(I.M.), intramuscularly 

12 

80 

0.7 




17 

80 





20 

74 




Then a second injection of 

30 

77 

7.0 



g'o gr., intramuscularly 

5 35 

73 

8.1 

90/78 

lOG 


10 45 

73 

7.9 




15 00 

73 

8.2 




20 80 

71 

9.0 

102/78 

104 


40 120 

72 

7.9 

98/70 

104 

A 107 Before 


85 

3.1 

132/94 

90 

Strychnine Sulphate I'o gr. 

10 

87 

3.0 

134/92 


(I.M.), intramuscularB' 

20 

82 

3.0 




25 

81 

3.5 

130/90 

110 

Then a second injection of 

30 





gr. I’of intravenously 

5 35 

77 

3.0 

132/92 

90 


25 55 

78 

4.1 




65 95 

70 

3.4 




No respiratory response, 
t Patient protesting. 


Caffeine sodium benzoate given intravenousl.y to 5 normal 
patients (Exp. 3) showed no alteration in intramuscular pressure, 
ivhereas, there was a transitory increase in -s'enous pressure paral- 
leling the pressor effect. 

Inhalations of carbon dioxide gas diluted in air by the drip 
method^ showed small but definite increases in intramuscular pres- 
sure and \'enous pressure (Exp. 4). These observations confirm 
those of Henderson ef al.^ on normal individuals. 

0\'erbreathing and blowing off the alveolar CO 2 (E.xp. 5) showed 
no alterations in intramuscular pressure in 2 instances (A23 and 
A27) and a drop of intramuscular pressure o minutes after the 
experiment began in 1 instance (A4.3). Tetany was produced in - 
patients (A75 and A89) and an increase in both intramuscular and 
venous pressures was obser^•ed. In 2 patients (A27 and A43) m 
whom a Chvostek sign was the only indication of the overventilation, 
venous pressure changes alone were observed. 
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Aminophyllin given intravenously in 3 normal patients (Exp. 6) 
did not alter either intramuscular or venous pressure. 

Prostigmine (Exp. 7) given to 1 normal patient intramuscularly 
did not alter either intramuscular or venous pressure. 

Paredrine was given to 5 (Exp. 8) and Paredrinol to 2 normal 
individuals* (Exp. 9). No changes whatever were noted in intra- 
muscular pressure up to 90 minutes. A transitory increase in 
venous pressure accompanied the pressor effect and is consistent 
with other recorded observations on these drugs.® 

Strychnine (Exp. 10) was given 6 times to 3 normal patients 
in doses from gr. yV intramuscularly to gr. intravenously. No 
cliange was observed up to 40 minutes in either intramuscular, 
venous or blood pressures. 

Discussion. The temporary venoconstriction and increase in 
venous pressure following the administration of pressor drugs such 
as Epinephrine or derivatives of Epinephrine is well known. An 
increase in venous pressure following the use of these pressor drugs 
is attributed to the indirect effect of an increase in blood pressure 
and to a direct constriction of the veins. Other factors on the effect 
of sympathicomimetic drugs and the mechanisms which cause a 
rise in venous pressure are thoroughl.y discussed by Iglauer and 
Altschule.® 

The thesis has been proposed by Wells ei alJ that intramuscular 
pressure is directlj^ due to and dependent upon venous pressure. 
The contrary view has been taken by Henderson,^® who has pos- 
tulated the existence of a “ venopressor ” mechanism wherein the 
maintenance of venous pressure is to a large degree dependent upon 
intramuscular pressure, or as he prefers to term it, “muscle tonus.” 

The data presented here, as well as in our previous communica- 
tions, show aji increase in venom 'pressure joUoicing the me of jJrcssor 
(hugs withoxd an increase in inirammcular pressure. Contrariwise 
an increase in wtramvscular pressure was always accompanied by a 
simultaneous and immediate increase in venom press^tre. 'flu’s 
phenomenon is constant throughout our observations. In contrast, 
the increase in venous pressure, presumably by venoconstriction 
action via physiologic agencies as shown in (Exps. 3, 4 and 8) was 
not accompanied by an increase in intramuscular pressure. The 
mo.st striking increases in intramuscular and venous pressures fol- 
lowed the intravenous administration of Coramine. The response 
in both of these when the intramuscular pressure was within the 
normal range at the outset was not of the magnitude observed when 
intramuseujar and venous jjressure readings were at low levels. The 
maximum responses of intramuscular and venous pressures is seen 
in postoperative depression and in shoek-like conditions.' The 
failure to obtain an increase in venous pressure after the use of 

* n o nrc indebtod to Dr, M. H, Nathanson for the Paredrino and Paredrinol used 
in these cxiieriinents. These data will also bo iisetl in another communication by 
Dr. Xathanson.' 
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Coramine in animals does not correspond with the obser\'ations in 
man. 

Summary. Observations on the action of various drugs on intra- 
muscular and venous pressures are shown in normal individuals. 
The drugs which are mainly pressor in action do not alter intra- 
muscular pressure, whereas inhalations of CO 2 the tetanic state, 
and particularly the administration of Coramine intravenously 
definitely raise the level of intramuscular pressure. An increase in 
intramuscular pressure is accompanied by' an increase in ^-enous 
pressure, whereas the reverse was not observed. 
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INTRAMUSCULAR PRESSURE. 

IV. The Venopressor Mechanism During the course of 
Surgical Procedures.* 

By Lewis Gunther, M.D., 

assistant clinical professor of medicine, college of medical evangelists, 
LOS ANGELES, CALIF,; ASSOCIATE SENIOR PHYSICIAN, CEDARS OF LEBANON HOSPITAL, 

Henry H. Henstell, M.D., Ludwig Strauss, jM.D., 

CLINIC PHYSICIAN, CLINIC PHYSICIAN, 

ANP 

Hyman Engelberg, M.D., 

CLINIC PHYSICIAN, 

LOS ANGELES, CALIF. 

(From the Cedars of Lebanon Hospital.) 

Intramuscular pressure drops to low levels in the early part 
of the postoperative period. ^ A low venous pressure was also o - 
served within 6 hours after inhalational and 12 hours after spma 

* Aided by a grant from the Ciba Pharmaceutical Products, Inc., Lafayette Park. 
Summit, N. J. j M r U S- 

Dr. Gunther is now in military' sen-ice as Lieutenant-Commander, iM. v^-. 

N. R.. and Dr. Henstell as First Lieutenant. M. C., U. S. A. R. 
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anesthesia. In severe postoperative depression and in various 
shock-like states both intramuscular and venous pressure fell to low 
levels,” Restoration of intramuscular pressure to its normal level 
was accompanied by an immediate and striking increase in venous 
])ressure, particularly after the administration of Coramine.- Veno- 
constrictor drugs, such as Paredrine, or physiologic activities such 
as overventilation Avithout full tetany AAdiich increased venous 
pressure, did not affect intramuscular pressure; nor Avas the increase 
in A-enous pressure as prolonged or as great by these agents as that 
Avhich occurred AA'hen the intramuscular pressure Avas increased by 
Coramine.^ This drug, related to the nicotinic acid fraction, of the 
B vitamin* also acts as a A’^enoconstrictor. The other factors Avhich 
alter the level of A^enous pressure haA'^e been discussed by Iglauer 
and Altschule.^ Henderson’s postulates of the A'^enopressor mech- 
anism^ are satisfied in the observations that (a) a Ioav venous pressure 
and a Ioav intramuscular pressure occur together in shock, and (b) 
a Ioav venous pressure is markedly raised by an increase in intra- 
muscular pressure, and (c) venous filling and clinical improvement 
in shock-like states appears after the use of an intramuscular 
pressor drug such as Coramine. 

Problem. Does the converse of these observations hold true? 
Is a fall in intramuscular pressure immediately folIoAved by a fall 
in venous pressure? Where, during the course of operation does 
the depression in vitality and/or the fall in intramuscular pressure 
occur? 

Method. The apparatus described by Gunther and HenstelP 
permitted the rapid and repeated simultaneous readings of intra- 
muscular and venous pressures AAuthout interfering AAuth the sterile 
technique of operative procedures. Observations were made on 
10 patients; 4 during the entire course of the surgical procedure; 
5 before and immediately folloAA’ing operation ; 1 AAdierein the patient 
entered into shock during the course of a pericardial thoracentesis. 

Rcsulh. The earliest drop in intramuscular pressure (a drop 
over 10 mm. IIoO) during the course of surgery Avas detected 50 
minutes after the beginning of the operation and 60 minutes after 
the anesthesia AA’as begun. The e.xtreines of the initial drop in intra- 
muscular pressure varied from 10 to 65 mm. HnO and A'alues over 
16 mm. HoO Avere associated AA-ith a drop in venous pressure of from 
2.0 to 6.9 cm. HoO. 

After its initial fall, intramuscular pressure continued to drop 
and reached its maximum Ioav level Avithin the extremes of from 
•oO minutes to 20 hours. ScA'ch of the S operatiA’e patients .shoAA’ed 
the maximum drop in 12 hours or less, confirming our previous 
observations.* 

The earliest change in venous pressure during surgery occurred 
50 minutes after the beginning of the operation "(Fig. 1)*. In 4 out 

* Comniiiic is a 25^c solution of Pyridinc-bet.o-c.arboxylic acid diethyLamidc. 
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of 7 instances, the drop in venous pressure was concomitant with 
the initial fall in intramuscular pressure, and in 3 patients the intra- 
muscular pressure fell first, the venous pressure later. 


lnAa.muicJorpres,vr^J}m.HiP V'cnous pressure Cm.Ht.0 




Fig. 2. — Pericardial thoracentesis for patient with pericardial effusion and 
failure. Intramuscular pressure dropped within 5 minutes after the pencar i 
was pierced. A shock-like state appeared promptlj’ which was pronounced 20 minu 
later when the maximum fall in venous pressure appeared. 










* Viiriiitions and allowable error in venous pressure, 1 cm. H 2 O. 
t Variafion.s and allowable error in intramuscidar pressure, 10 mm. H 2 O. 
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In all patients, however, in whom intramuscular pressure had 
been low for 50 minutes or longer, a maximum fall in venous pres- 
sure occurred. This coincided with the time of the maximum fall 
in the intramuscular pressure. The maximum drop in intramuscular 
pressure varied from 20 to 64 mm. HjO and the venous pressure 
from 3.2 to 12.2 cm. HoO (Table 1). 

In 2 instances in which the change in intramuscular pressure 
was 10 mm. or under, no alteration occurred in the A'enous pressure* 

(Fig. 2). 

During the course of the pericardial thoracentesis intramuscular 
pressure was found at a low level within 5 minutes after the peri- 
cardium was pierced, and a deep state of depression and a fall in 
venous pressure occurred within 20 minutes. This was the earliest 
change in the venous pressure observed by us. The venous pressure 
dropped 3 cm. below the initial preoperative level, and 95 cm., 
below the highest value obtained during the thoracentesis (Fig. 2).t 

The types of operation were encephalogram, cord tumor, fusion 
of the spine, radical mastectomy, nephropexj', hysterectomy, 
cholecystectomy, and pericardial thoracentesis. 

The least changes in the venopressor mechanism occurred during 
a hysterectomy, and a radical mastectomy (Fig. 3.) The intramus- 
cular pressure fell 25 and 16 mm. H 2 O respectively and the venous 
pressure but 1 cm. HoO. J The greatest changes were during cholecys- 
tectomy, which showed a fall of 64 mm. HoO in intramuscular pres- 
sure and 7.9 cm. HoO in venous pressure. In contrast to the first 
case, a second instance of hysterectomy showed a fall of 56 mm. 
HoO in intramuscular pressure and 7.7 cm. HoO in venous pressure. 

Discussion. Intramuscular pressure begins to drop in surgical 
procedures of 50 minutes or longer duration. A simultaneous fall 
in venous pressure was observed in half the cases and in half of the 
observations a fall in intramuscular pressure preceded the drop m 
venous pressure. Furthermore when the intramuscular pressure 
remained low or continued to drop for a period of 50 minutes or 
more, the venous pressure also continued to fall and showed its 
maximum drop at the time when the intramuscular pressure was 
at its lowest level. The speed with which postoperative depressions 
occur is due to factors which do not lend themselves to analysis d\ 
these measurements. The 4 patients studied during the course of 
surgery, as well as in the period of postoperative depression, al 

* The error of the method on consecutive readings is a range of 1 cm. 

t It is appreciated that the fall in venous pressure might be due to the ,] 

of pericardial fluid. However, the drop in venous pressure which occurred after a 
in intramuscular pressure had taken place, is strikingly parallel to the 
observed in postoperative depression, and in other shock-like states, wherein a 
faU in venous pressure occurs after the intramuscular pressure drops. This is^ 
in patients who are in shock-like states and not in heart failure. The decrease 
venous pressure cannot be attributed to a withdrawal of pericardial fluid. 

t The range of variation and error allowed in any series of venous pressure mea- 
ments is 1 cm. 
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showed an initial fall in intramuscular and venous pressure after 
50 minutes of surgery and a further decrease in these values in from 
50 minutes to 12 hours. The patient who entered into a shock-like 



Fig. 3.— Radical mastectomy. Gradual decrease in intramuscular pressure after 
‘10 minutes and outside the limit of error of the method of measurement after 50 min- 
utes. Spontaneous recovery of intramuscular pressure, within limit of error of 
measurement, 2 hours postoperatively. The venous pressure measured 2 hours 
postoperatively had dropped only 1 cm. likewise just within the limit of error of 
measurement. 



Fui. 4.— ShowiiiK the typical findings, summarized, of the course of surgical 
procedures. Operation, encephalogram. Intramuscular pressure begins to drop 
after 50 minutes, or in the neighborhood of 1 hour, precedes the fall of venous pressure, 
and both show their maximum drop concomitantly. 

state during jicrietirdial thoracentesis did so with great rapidity, 
:ui(l his intramuscular pressure dropped within 5 minutes aiid 
venous pressure within 20 minutes after the pericardium was 
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pierced. Tiie occurrence of a drop in intramuscular pressure cor- 
responds closely to the moment when vitality begins to ebb, as 
e\-aluated by the clinical eye.* 

Conversely, as we pointed out before,* " a return of intramuscular 
pressure values to normal coincided with the spontaneous recovery 
in the uncomplicated postoperative course. Contrariwise, tlie 
patients who entered into shock postoperatively did not recover 
intramuscular pressure. It remained at a low level throughout the 
period of the postoperative depression and into the shock-like state. 
At this juncture of the clinical picture, when the intramuscular 
pressure was at its lowest level, the veins were collapsed and needles 
were inserted with difficulty. An induced restoration of intramus- 
cular pressure, by the use of Coramine, restored venous pressure, 
resulted in venous filling and coincided with rapid though not 
permanent clinical improvement. 

Summary. In 4 patients studied during the course of operative 
procedure under inhalational anesthesia, intramuscular and venous 
pressures dropped after 50 minutes of surgery. Within 50 minutes 
to 12 hours after the initial fall, the ma.vimum decrease occurred in 
both intramuscular and venous pressures. In 2 patients studied 
during the course of operative procedure, the fall in intramuscular 
pressure preceded the decrease in venous pressure by 1 to 12 hours. 
In 1 patient with congestive heart failure undergoing pericardial 
thoracentesis, the fall in intramuscular pressure preceded the drop 
in venous pressure by 20 minutes and occurred within 5 minutes 
after the pericardium was pierced— after which time the patient 
rapidly entered into a shock-like state. Two patients observed 
within 9 hours after nephropexy whose intramuscular pressure 
change was 10 mm. showed no alteration in venous pressure. 

Conclusions. 1. After 50 minutes of continuous surgery a drop 
in intramuscular pressure may precede the fall in venous pressure. 
In half the instances the low level of venous pressure coincided 
with the initial drop in intramuscular pressure. 

2. When intramuscular pressure falls and remains low for 50 
minutes or longer, a further decrease in venous pressure occure 
which reaches its maximum low point concomitantly with the 
maximum drop in intramuscular pressure. 

•3. Intramuscular pressure fell 5 minutes before the shock-hke 
state began and the venous pressure with its full appearance 20 
minutes later during a pericardial thoracentesis, and 

4. Further evidence is presented which supports Henderson s 
postulate in that: (a) intramuscular pressure first fails in shock- 
like states, and (6) with the failure of intramuscular pressure 
appears a failure in the maintenance of ^'e^ous pressure and no's • 

* shock is defined by Webster's new International Dictionarj', 2d ed., unabridg^' 
Springfield, M.ass., G. & C. Merriam Company, 1941: “A state of profouna ot- 
pression of the %-ital processes of the body . , . 
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THE ACTION OF STEROID COMPOUNDS ON THE VAGINAL 

EPITHELIUM OF THE RAT, 

By Ereanor Clarke, 

AND 

Hans Serve, M.D,, Ph.D., D.Sc., F.R,S.(C,), 

associate professor of histology, mc gill university, 

MONTREAL, CANADA. 

(From the Department of Anatomy.) 

Cornification of the vaginal epithelium is generally thought to 
be the most specific indicator of “ estrogenic ” or folliciiloid activity, 
while miicification of the epithelium is regarded as a sign of a “ cor- 
pus Inteum hormone-like” or luteoid effect. Although the estrane 
derivatives are the outstanding representatives of that group of 
steroids exhibiting primarily folliculoid actions, a few “exceptional ” 
androstane or aUo- pregnane derivatives have been reported as 
.showing to .some extent this type of activity. With regard to these 
latter compounds the literature is highly confusing since in most 
instances the vaginal cornification observed by some workers could 
not be reproduced by others. For testosterone and ethinyl testos- 
terone it has been shown (1) that the reason for this disagreement 
lies in the fact that the vagina of spayed rats treated with these 
steroids undergoes a transitory cornification followed by mucifica- 
tion. Noble' observed a transitory appearance of cornified cells in 
the vaginal smears of testosterone treated rats, but concluded that 
the significance of the “ estrus response is probably doubtful and may 
be related to the collection of epidermal debris which occurs, espe- 
cially in view of the fact that the clitoris region undergoes extensive 
cornification. However, our above-mentioned findings, olitaincd 
by examination of liistologic sections tlirough the vagina, proved 

* This work was done under the tenure of the -Mcttn Marty Memori.il Srholarship 
awarded by the Queen’s Alumna' .Association. 
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that_ this interpretation is incorrect and that a true transitory 
cornification occurs. On the other hand, it should be emphasized 
that converselj'^ typical folliculoids, such as estradiol or estrone, may 
cause mucification instead of the usual cornification if they are 
administered in subthreshold doses. Hence it has been concluded 
that mucification and cornification are closely allied phenomena 
produced by a number of steroids but that neither one nor the other 
type of reaction is absolutely' specific for any' one compound.- 
These investigations appear to indicate that the type of vaginal 
reaction— cornification or mucification— is dependent upon a vari- 
ety' of factors influencing the responsiveness of the epithelium and 
not merely' upon the chemical structure of the compound given. 
In the light of these findings vaginal cornification and mucification 
are not as specific of folliculoid and luteoid activity', respectively, 
as has previously' been thought. The responsiveness of the vaginal 
epithelium is of great value, however, in spotting hormonally active 
steroids, since it was found that stratification of the vaginal epithe- 
lium, with or without cornification or mucification of the surface 
lay'er, is a pharmacologic action common to all hormonally active 
steroids.^ 

The object of the present communication is to report upon the 
vaginal effect of 49 steroids. On the basis of these studies an effort 
is made to correlate the chemical structure of these compounds 
with their effect on the vagina. 

Experimental. All steroids were administered either in true solution or 
in fine crystalline suspension depending on their solubility. The relevant 
experimental details are mentioned in the following two tables which are 
almost self-explanatory. Table 1 summarizes our obsen'ations on ovanec- 
tomized rats receiving the different compounds subcutaneously twice daily 
in 0.1 ml. of peanut oil. Table 2 contains the results of acute experiments 
in w'hich the steroids were administered by a single intraperitoneal injection 
in peanut oil to partially hepatectomized immature rats weighing ^ 
60 gm. (average 44 gm.). This second series was originally' performed for 
the study' of the anesthetic effect of steroids and it is for this reason that 
sensitization by' partial hepatectomy and the intraperitoneal route of ad- 
ministration were , chosen. Hoivever, since in all cases histologic sections 
of the vagina have been examined, the material is quite satisfactoiy' for 
the problem under consideration in this study'. For the details of the 
technique of hepatectomy and the acute hormone overdosage, as 
in this second series, the reader is referred to the paper of Sely'e." The fu^ 
systematic name of each steroid is given in order to avoid confusion. 
neath the common name appears in block letters in those cases in which the 
compound is generally' referred to by a popular name. The merang pom 
of the sample available to us was determined in our laboratory' and ® 
in the table as an indicator of the degree of purity' of the sample and ah 
because it facilitates identification of the compound wherever there - 
doubt about several possible isomerids. If only' small amounts of a ®mro 
were available the number of animals used was necessarily small and 
ment had to be short. Hence many' of these, not readily' obtainable s 
stances, could be tested only in acute experiments. All these “m®.’ j. 
well as the body weight of the experimental animals, are recorded m 
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tables. The state of the vaginal epithelium, _ as indicated by histologic 
examination of paraffin embedded hematoxylin-eosin stained sections, is 
described in the last 3 columns of the tables under the subheadings of strati- 
fication, cornification and mucification. The degree of each of these 
changes noted is expressed in terms of an arbitrary scale ranging from 0 to 3. 

0 means identical with untreated controls, 1(?) is a questionable effect, 1 a 
definite but very slight effect, 2 a marked effect and 3 the greatest change 
observed. These numbers represent average readings in which all animals 
of a certain group are taken into account. Whenever some animals in a 
group responded differently from the rest, a figure in brackets indicates the 
number of animals in the group which responded in this particular fashion. 
For instance in the case of the first compound of Table 1 the reading: 
“stratification 3, cornification ^(l), mucification 0” means that maximal 
stratification was seen in all animals of the group, but only a single animal 
showed maximal cornification, while none exhibited any trace of mucifi- 
cation. Wherever the available evidence convinced us that a compound 
has a definite vagina stimulating effect of any tj'pe, the figures in the table 
are given in block letters. 

Tlie most striking fact which emerges from a study of our tables 
is tliat all hormonally active steroids cause some degree of vaginal 
cornification in the spayed or immature rat irrespective of their 
main pharmacologic action. The great majority of the eompounds 
examined cause only transitory cornification followed b.y mucifica- 
tion. Apart from the active estrane derivatives—which have not 
been included in our tables— -only A^-androstenediol (Cpd. 4), de- ' 
hydro-Mo-androsterone (Cpd. 5), its acetate (Cpd. 6) and pregneno- 
lone (Cpd. 14) maintained the vagina continually cornified. With 
all other compounds mentioned the phase of cornification was fol- 
lowed by mucification. In many instances parts of the vagina were 
mucified while other regions showed definite cornification. 

Only little can be said about the correlation between chemical 
structure and vaginal effect. As shown by the above-mentioned 
examples of compounds 4, 5, G and 14, both androstane and 17-ethyl 
androstane derivatives can imitate the estrane derivatives in caus- 
ing continuous vaginal cornification. However, this is not true of 
the great majority of the active compounds which cause only transi- 
tory cornification followed, or accompanied, by mucification. On 
the basis of these observations it appears necessary to reexamine 
many of the steroids whose “folliculoid” effect has been postulated 
merely on the basis of short-term vaginal smear tests. 

The presence of a hydrogen at Cs in a position cis to the Cm 
methyl grouj) (as in etiocholane and pregnane derivatives) invari- 
ably interferes with the vagina .stimulating action of the steroids. 
This is in agreement with the more general concept (2) that such 
comiDounds arc devoid of any known hormonal action although 
they may be very jjotent with regard to their a?iesthetic effect. 

A fivc-membered ring D is not essential for the vagina stimulating 
action as shown by the two isomeric chr\’sopregnene derivatives 
(Cpds. 28 and 29) in which ring D is six-membered. Compounds 
having a long side chain at Ci: proved inactive but this may be due 
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to the fact tliat all tlie long side chain compounds available to us 
had no oxygen in the immediate Aucinity of the Cn pole of the mole- 
cule. 21-ethyl-progesterone (Cpd. 19) indicates that at least a 
butyl side chain at Cn is not incompatible with hormonal actiAuty 
as long as there is an oxygen at C 20 in the immediate Aucinity of the 



Fig. 1. — A'^nRinnl epithelium of untrcntecl immature rat. Cells are irregular in 
shape and form only 2 to 3 layers. 

Fig. 2. — A''aginal epithelium of immature rat 24 hours after the intrapcritoneal 
injection of 5 mg. of progesterone. Note the high stratified squamous epithelium 
with the formation of cornified scales on the surface. 

Fig. 3. — A’'aginal epithelium of immature rat 24 hours after the intraperitoneal 
administration of 5 mg. of a-cstradiol. Note the high squamous epithelium which 
at this time shows no signs of cornification. 

Fig. 4. — A\aginal epithelium of immature rat which received the same treatment 
as that shown in Figure 3. In this instance the surface layers underwent mucifica- 
tion. It should he noted, however, that judged by other experiments, in both these 
cases cornification would have ensued if estradiol treatment had been prolonged. 

Fig. 5.— A'agina of immature rat given an intraperitoneal injection of 10 mg. of 
.acctoxyprcgnenolone (Cpd. 15). Note definite layer of cornified cells underneath 
the surface stratum of mucified cells. 

Fig. G.— A'agina of an immature rat which received the same treatment as that 
shown in Figure 5. The epithelium at the depths of the crj'pts is mucified and at the 
peaks of the ridges cornified. 
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side chain attachment. We were surprised to note that allo-preg- 
nane caused moderate but definite vaginal stratification since this 
appears to indicate that oxygen-free parent hydrocarbons may also 
exert hormonal actions. However, the amount of this compound 
available to us was sufficient for 2 rats only and hence we do not 
feel justified to draw the important conclusion that oxygen-free 
molecules can cause vaginal cornification. 

It appeared of interest to us that many of the compounds which 
we examined simultaneously caused cornification in one area and 
mucification in another region of the vagina. Frequently the top 
layers of the epithelium were mucified, while the deeper layers 
showed definite cornification (see Fig. 5). In other instances the 
depths of the vaginal crypts were mucified, while the more exposed 
ridges showed cornification (see Fig. 6). These observations and 
the well-known fact that repeated local injuries to the vaginal 
epithelium may cause cornification even in spayed rodents appear 
to support the concept that incidental local factors may determine 
the tjipe of vaginal response caused by a steroid of a certain chemical 
structure. In order to test this hj-pothesis we performed an experi- 
ment on 6 spayed albino rats (weighing 122 to 156 gm.) in which 
the vagina was mechanically distended by filling it with small 
glass beads and occluding the vulvar orifice with a purse-string 
suture. These animals as well as 6 spayed controls (132 to 158 gm.) 
were then treated with 5 daily subcutaneous injections of 5 mg. of 
progesterone dissolved in 2.5 ml. of peanut oil. On the day follow- 
ing the last injection the animals were killed and their vaginas 
sectioned. I^Tiile the controls showed vaginal mucification, the 
animals whose vaginas had been distended exhibited marked strati- 
fication and cornification, under the influence of progesterone treat- 
ment. It is true that partial or transitory cornification occurs even 
in othemdse untreated progesterone injected animals (see Fig. 2) 
but this is invariably accompanied or followed bj' mucification. 
In the present experiment mechanical distention of the vagina com- 
pletely inhibited mucification in the case of all animals, thus indi- 
cating that local factors are of the utmost importance in determining 
the tjpe of vaginal response to a prevailingly mucifying steroid such 
as progesterone. The fact that even active estrane derivatives 
may cause vaginal mucification under certain experimental condi- 
tions has been mentioned previously in this paper (see Fig. 4). 
Prior to cornification of the surface layers such compounds may 
cause the development of a stratified squamous, but not cornified, 
epithelium (see Fig. 3). Thus it is evident that all known hormon- 
ally active steroids (folliculoids, luteoids, corticoids, testoids) which 
have been tested, stimulate the development of the vaginal epithe- 
lium and may, depending upon the conditions of the experiment, 
cause mere stratification, stratification with cornification, or strati- 
fication with mucification. 
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Summary and Conclusions. A stud}”^ of the vaginal effect of 
49 steroid compounds on ovariectomized or immature rats reveals 
that all hormonally active steroids (folliculoids, luteoids, corticoids, 
testoids) stimulate the vaginal epithelium to undergo stratification, 
cornification and mucification. While cornification is the most 
common type of response to estrane derivatives, mucification is 
more frequently seen following treatment with androstane and 17- 
substituted androstane derivatives; but even the latter compounds 
elicit at least transitory cornification. All etiocholane and 17-sub- 
stituted etiocholane derivatives proved inactive unless the C5 hydro- 
gen was removed by the presence of a A'* or A® double bond. 

Local factors play an important part in determining tlie histo- 
logic type of vaginal response caused by a certain steroid. Thus 
mechanical distention of the vaginal walls causes a dose of proges- 
terone, which normally elicits mucification, to produce cornification. 

On the basis of our observations we are inclined to believe that 
incidental factors determine tlie type of the vaginal response to 
steroid compounds but that some type of proliferation of the surface 
epithelium is an action common to all steroid hormones. 
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TREATMENT OF ACUTE OPIUM POISONING. 

BENEFICIAL EFFECT OF CORAMII^E. 
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In marked contrast to the rarity of poisoning with opium and its 
derivatives in America' and Europe- is the experience in the Peiping 
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Union Medical College Hospital %vhere patients with acute opium 
poisoning belong to the most frequent emergency cases. For the 
last 10 years the number of our patients with opium poisoning has 
steadily increased and lately it has reached remarkable dimensions 
(Table 1). 


TABr.E 1 .~Numbek or Case-s of Opium Poisoninu Admitted. 





No. of cases 


Period. 


of opium 
poisoning. 

July 1, 1930-June 30, 1931 .... 


U 

1931- “ 

1932 

... 25 

“ 

1932- 

1933 

41 


1933- “ 

1934 

. . . 26 


1934- 

1935 . . 

. . 44 

it 

1935- 

1936 

42 


1935- 

1937 

48 


1937- 

1938 . , 

62 

« 

1938- “ 

1939 

. . 98 

u 

1939- “ 

1940 , , 

103 

April, 

1941-Nov. 4, 

1941 .... 

141 


Fortunately early intervention in the form of gastric lavage with 
diluted OInOi solution (- 5 - 5 tnr) saves the lives of most of these 
patients, especially if the amounts of opium taken are not too large. 
If coma can be prevented by this or other measures, danger usually 
does not exist. In 1938 to 1939 no patient with opium poisoning 
without coma died. In 1939 to 1940 only 2 such patients died 
without coma. 


Table 2.— Mortalitv of Coma Due to Acute Opiu.w Poisontng Between 

1930 AND 1940. 


Total nutn- Total num- 


Year. 

ber of opium 

her of coma 

Deaths. 

Mortality of 

poisoning. 

cases. 

coma cases. 

1930-1940 

, . . 503 

169 

120 

71.0% ±3.4 

1930-1938 

. 302 

91 

61 

67.0% 5*4.9 

193S-1939 

98 

39 

29 

74.4%±6,0 

1939-1940 , 

. . 103 

39 

30 

77 0%±6.7 


The prognosis of acute opium poisoning is however very serious 
as soon as coma sets in. During the period July, 1930 to July, 1940, 
503 cases of opium poisoning were accepted for treatment in our 
emergency clinic (Table 2). In 169 patients coma developed. Of 
these, 120 (71%=fc3.47) died. In 1939 and 1940 the incidence of 
opium poisoning increased considerably. Table 2 shows that during 
these 2 years the mortality of the coma cases was somewhat but not 
significantly increased. Of the 302 cases of opium poisoning observed 
between 1930 and 1938, 91 went into coma, 61 of whom died (67%=*= 
4.9). Of -the 98 cases of opium poisoning observed in 1938 to 1939, 
39 cases went into coma, 29 of whom died (74,4% =*=6.95). In 1939 
to 1940, again 39 cases with coma due to opium poisoning were ob- 
served, 30 of whom died (77%=fc6,74). 

Until April, 1941, the following routine for the treatment of opium 
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poisoning was followed; 1, Evacuation of the stomach by gastric 
lavage with several liters of dilute potassium permanganate (-jinrTr)- 
2, Administration of an antidote, usually charcoal, a laxative (mag- 
nesium sulfate) and high colonic irrigation. 3, Stimulation of the 
heart action by hourly caffeine injections. 4, Every patient with 
a depression of the respiration below 8 per minute was placed in a 
Drinker apparatus. 

The emptying of the stomach by gastric lavage presents an impor- 
tant problem because in these patients the gastric lavage often leads 
not only to aspiration pneumonia but also to fatal damage of the cir- 
culation. The general rule that comatose patients should not be 
lavaged cannot be followed in opium poisoning. In this condition 
pyloric spasm usually sets in and considerable amounts of the in- 
gested opium are still in the stomach long after the coma has started. 
Under these circumstances gastric lavage is vitally necessary even 
in comatose patients. On the other hand the danger of aspiration 
pneumonia is in hardly any other condition greater than in opium 
poisoning, and at the autopsy of patients with opium poisoning 
extensive bronchopneumonia is nearly always found. Many of the 
patients who in 1938 and 1939 survived had to go through a stormy 
period of bronchopneumonia or lung abscess, or both. 

There are two other factors which complicate the gastric lavage. 
It has already been mentioned that sometimes patients are still con- 
scious when admitted to the emergency ward, but become deeply 
comatose during the gastric lavage. This curious experience is not 
too rare and may perhaps be explained in the following way. 

At the time when these patients with opium poisoning are still 
conscious, the function of their respiratory center is already de- 
pressed. The hypernea which follows the introduction of the 
stomach tube and the gastric lavage with several liters of TCM nO^ 
solution causes a certain amount of acapnia, sufficient to induce 
cessation of respiration in these patients with a damaged respiratory 
center. 

In opium poisoning the emphasis has been so much laid upon the 
respiratory disturbance that not enough attention has been given to 
the cardiovascular disturbance which is always present in this condi- 
tion. The considerable increase of the venous pressure which has 
been observed in experimental animals with morphine poisoning 
(Gremels^) is a constant feature in our patients with coma due to 
opium intoxication. Tlie gastric lavage, which is usually accom- 
lianicd l)y gagging and struggling, must be highly deleterious to the 
damaged heart of these ])atients and may well precipitate the onset 
of pulmonary edema. 

This dilemma— the necessity of emptying the stomach and the 
possibility of damaging the patient either by inducing coma or 
pneumonia or heart failure— has caused us much worry. In 1939, 
we, had such a continuous series of bronchopneumonia' that we de- 
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cided to empty the stomach in such cases exclusively by -way of a 
nasal tube. The stomach is lavaged with multiple small amounts 
of potassium permanganate solution and the solution is allowed to 
drain out gradually before new permanganate solution is introduced. 
This method requires a longer time than lavage by means of a 
ordinary stomach tube; but we have the impression that by this 
technique the chances for an aspiration pneumonia and for cardiac 
damage ha’s-e been reduced considerably. The administration of 
potassium permanganate solution is continued until the solution 
returns unchanged. As long as opium is present in the stomach, the 
fluid drained from the nasal tube turns yellow due to the reducing 
properties of the opium. 

Until April, 1941, when new methods of treatment were intro- 
duced we had to use the Drinker apparatus in the majority of the 
comatose cases of opium poisoning. We have had days when our 
two Drinker apparatus were both in use at the same time for 
patients with opium poisoning, so that when a third case arrived 
we had to take out the patient whose respiration was the least 
depressed in order to accommodate the newcomer. 

It is remarkable that the artificial respiration in a Drinker appa- 
ratus evidently does not influence the mortality of opium poisoning. 
It is possible that the patients with complete cessation of respiration 
can be kept alive for some time but ultimately death cannot be 
warded off. In 1934, our first “mechanical lung” was installed, but 
the statistics from 1930 to 19.34 and from 1934 to 1940 do not show 
any difference in mortality, whether all the cases of opium poisoning 
or only the coma cases are considered (Table 3). 

Table 3.— No Inelvence of Use or Drikker Appahatxjb (Iotroduced Ekd 1934) 
ON Mortality in Coyia Dee to Opiem Poisoning. 


Total Coma 

Years. cases, cases. Deaths, 

1930-1934 lOG 30 19 

63,3%±8.8 

1934-193S 196 61 42 

69.0% ±5.9 

1938-1940 201 78 59 

75.6% ±4.9 


Therefore, notwithstanding all these efforts the mortality of the 
patients with opium poisoning after coma had set in, was and re- 
mained at the depressingly high level of 70% to 80%. Lately we 
have tried other methods. 

An effective treatment of acute opium poisoning has to cover 
three main points: 1, to counteract depression of the respiratory 
center; 2, to prevent pneumonia; 3, to heed cardiovascular damage 
due to opium. 

We have different drugs at our disposal which reputedly have a 
specific stimulating effect upon the respiratory center. One of these 
drugs, lobelin, which works favorably in opium poisoning of the 
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experimental animal, we have tried repeatedly but without success. 
Of the newer respiratory stimulants three have to be mentioned, 
namely, coramine, cardiazol or metrazol, and picrotoxin. 

Picrotoxin has an excellent effect in barbiturate and avertin intoxi- 
cation but in experimental opium poisoning, coramine and metrazol 
are more potent stimulants of the respiration. Of these two drugs 
coramine seems to be the more advisable. Both drugs must be 
given in considerable amounts in order to obtain effect in opium 
poisoning, and in these quantities both drugs may give rise to con- 
vulsions. Although in opium poisoning this convulsive action is 
largely reduced, still it seems preferable for clinical purposes to use 
coramine which giAms a Avider margin between the curatiAm and the 
convulsme dose than metrazol. 

Coramine, a pyridine derWate— the diethylamide of pyridine 
carbonic acid— AA^as introduced around 1924 as a stimulant for the 
heart action. The opinions about the merits of coramine as a 
cardiac stimulant are still dhuded.^ For our purpose the action 
of coramine on the respiratory center is important. Already in the 
first publication about this drug Uhlmann® emphasized that the 
depression of the respiration caused by morphine poisoning in the 
rabbit can easily be neutralized by coramine. After the administra- 
tion of coramine the deeply narcotized animal AA^akes up and seems 
completely normal. The action of coramine, hoAvever, is of shorter 
duration than that of morphine and therefore it is usually necessary 
to repeat the injection of coramine. In vieAV of these experimental 
results Uhlmann advised trying coramine in morphine poisoning. 
The experiments of Maloney and Tatum® published in 1931 and of 
Gremcls® agree Avith Uhlmann ’s results. 

Probably due to the rarity of opium and morphine poisoning in 
the West only a feAv casuistic reports have appeared in the literature 
about faAmrable’ results of coramine treatment in opium poisoning 
(Lethaus,^® Gotsch^^), In the literature the emphasis is put upon 
the curatme action of coramine in avertin accidents (Killian, 
Kennedy'®), and in barbiturate poisoning (Schula,''* Das'®). For 
barbiturates picrotoxin and cardiazol seem to be more effective 
than coramine (Burstein and RoA^enstine,' h'laloney'®). 

In vicAv of the experimental results of Uhlmann, Gremels, Maloney 
and Tatum, and of the scattered faAmrable reports in the clinical 
literature, Ave haA-e tried since April, 1941, to treat patients witli 
coma due to opium poisoning Avith intravenous, sometimes intra- 
muscular injections of large quantities of coramine.* The intra- 
venous administration of one or more injections of 5 cc. of the com- 
mercial solution of coramine (25%) to a patient Avho is comatose 
due to opium jioisoning, is often folloAved by a remarkable improA'c- 
incnt. ^ A patient Avhose respiration is depressed to one or tAvo super- 
ficial sighs i)cr minute. Avho is deeply comatose and cyanotic, some- 

• Put .nt our dispo.«al by tho Ciba Company, Summit, N. Y. 
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times wakes up immediately after the first injection. However, if 
the case is serious this treatment has to be repeated several times at 
intervals of a few minutes. 

Slight convulsive action may result but usually only a certain 
amount of rigidity is observed. Most of the patients treated with 
large doses of coramine experience severe itching of the skin and the 
eyes. It happens that after a few hours drowsiness sets in again, 
but a new injection which now can be given intramuscularly is 
usually sufficient to wake the patient up. 

In opium poisoning constriction of the pupils is one of the most 
constant signs. When this constriction gives way to dilatation, 
evidentb'- the very last stage of the poisoning has set in. By then, 
not onlj'^ the respiratory center but other centers must have become 
affected and coramine is no longer of avail. The same holds true 
for the majority of the patients who present symptoms and signs of 
lung edema. 

Left-sided heart failure evidenced by tachycardia and lung edema 
occurs especially in patients who as is often the case in Peking have 
already been “treated” before they are admitted. In some cases 
reviving drugs, sometimes also potassium permanganate solution, 
have been forced down the throat of the comatose patient. In 
another instance the coma was first thought to be due to CO poison- 
ing and the patient had been exposed to cold for 2 hours before she 
was brought to the hospital. However, the patients who were 
really lavaged outside the hospital, but without the precautions 
mentioned above, were often admitted with lung edema. Such 
patients are usually only temporarily revived by the coramine treat- 
ment. The}’" wake up, may even talk, the respiration improves, 
but many of them die after 4 to 5 hours notwithstanding our thera- 
peutic trials under progressive tachycardia and continuous lung 
edema. In these cases the damage to the circulation has evidently 
been so serious that no repair is possible. Only exceptionally vene- 
section and intravenous administration of digitalis and ouabain, 
combined with the coramine treatment, have been able to ward off 
the fatal outcome. 

In order to save also the severest cases of coma due to opium 
poisoning the coramine treatment must be supplemented with other 
measures and precautions. 

We have found it desirable to try also to prevent the de\'elopment 
of bronchopneumonia. A good many of our patients show on admis- 
sion e.xtensive wheezing sounds. Other patients remain drowsy for 
several hours even after the coma has subsided. Therefore we have 
added to our routine the intravenous injection of 1 gm. of sodium 
sulfapyridine* dissoh'ed in 20 cc. of water every 4 hours until the 
patient can swallow the sulfapyridine. This sulfapyridine treat- 


* Put at our disposal by Lederle Laboratories, Inc., New York. 
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ment is continued for at least 24 hours after the subsidence of the 
coma. 

Gastric lavage by means of a nasal tube, magnesium sulfate and 
charcoal are also given in order to remove and to neutralize as much 
as possible of the opium introduced. 

When the pulse is rapid digitalis or ouabain have been injected 
intravenously. Intravenous infusions of considerable quantities of 
saline with or without glucose have not been given in order to avoid 
overfilling of the circulation with ensuing overstrain of the left 
ventricle. This might have been deleterious in patients with 
opium poisoning whose circulation is already damaged and many of 
whom are on the verge of pulmonary edema. Subcutaneous infu- 
sions of 500 cc. NaCl 0.9% have been given repeatedly. 

Only rarely have the injections of coramine given rise to convul- 
sions. In these cases 2 gm. of chloral hydrate have been adminis- 
tered by rectum. The same drug was given to patients who after 
being revived from the coma were excited or even delirious. 

The following two examples may illustrate the result of the 
coramine treatment. In the first case the reaetion was prompt and 
the danger had disappeared shortly after the treatment was started. 
In the second patient 7 injections of 5 cc. coramine each, in the 
course of 2^- hours, were necessary before consciousness returned. 

Case 1.— A Chinese housewife, 37 years old, was brought to the emer- 
gency clinic on October 3 at 11.30 p.m. in a comatose state. She had taken 
2 dollars worth of opium 4 hours previously and was found to be unconscious 

hour before arrival at the clinic. 

On admission she was totallj' unconscious. Lips and finger nail beds were 
cj'anotic. Respiration was shallow and at the rate of 12 per minute. 
Pupils were constricted. Corneal reflex Avas absent. Pulse was good, 96 
per minute. Heart sounds were distinct and cardiac rhythm was regular. 
Blood pressure Avas 170/100 mm, Hg. 

After brief examination the patient AA’as given 5 cc. coramine intraven- 
ouslj’-, together Avith 20 cc. 5% sodium sulfapyridine solution. Immediately 
folloAAungthe injection the patient became conscious, opened her eyes, moA'^ed 
about and cried bitterly. The cyanosis at once disappeared and her respira- 
tion became deep. There AA'as no spasticity of the limbs. 

Gastric lavage Avith a nasal tube AA'as done after the patient became 
conscious. The gastric Avashing became clear after 4500 cc. 1 to 5000 potas- 
sium pennanganate solution had been used. FolloAving the laA^age, 50 cc. 
20% charcoal suspension and 50 cc. 50% magnesium sulfate solution Avere 
given through the nasal tube. 

The patient AA'as gwen 2 more injections of coramine, in 5 cc. doses, 
intramuscularly during the next 2 hours. Sodium sulfapyridine in 1 gm. 
doses AA'as giA-en intramuscularly cA'erj' 4 hours. The patient Avas encour- 
aged to take strong tea after she became conscious. She AA'as sent home in 
good condition 17 hours after the commencement of treatment. Three daA’s 
later she Avas seen again and found to be in excellent condition. The gastric 
AA'ashing AA'as found to contain morphine. 

Case 2.— A Chinese rickshaAv puller, 35 years old, Avas brought to the 
emergency clinic on October 15 at 2:50 p.m. in an unconscious state. He 
had taken 5 dollars AA'orth of opium. He AA'as found to be unconscious at 
1.30 r.M. 
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On admission the patient n’as comatose. The skin and nail bed.s ^Yere 
verj' cyanotic. He had Chejme-iStokes respiration and the respiratory rate 
was 6 per minute. The pupils were constricted and did not react to light. 
The comeal reflex was absent. The pulse was good, 96 per minute. The 
cardiac rhythm was regular and the heart sounds were distinct. Blood 
pressure was 100/60 mm. Hg. ICnee jerks were absent. 

Treatment was started at 2.55 p.m., when 5 cc. coramine were given intra- 
r'enously. Patient remained unconscious and cyanotic. Only the corneal 
reflex became active. At 3.02 p.m. 5 cc. coramine and 20 ec. 5% sodium 
suifapyridine were given intrai'enously. No change was obsen^ed. At 
3.12 P.M. 5 cc, coramine were given intramuscularly. There was no change 
in his condition. He was cyanotic and unconscious. His corneal reflex 
was absent again. There was no spasticity of the limbs. At 3.20 p.m. 5 cc. 
coramine were given intravenously. Two minutes after this injection the 
patient woke up and was able to say a few words. His respiration im- 
proved and the cyanosis lessened. He was, however, soon seized with 
marked generalized spasticity of the body and he became excited and 
struggled a great deal. In order to reduce the restlessness and excitement 
2 gm. chloral hydrate in solution were given per rectum. He became quiet 
graduall 3 '; the spasticity of the muscles also greatlj" lessened. 

At 4,15 P.M. patient had become totally unconscious again, vith absence 
of comeal reflex and marked C 3 mnosis. His respiration was 8 per minute. 
His pulse was good. Coramine, 5 cc., was given intravenously at 4.30 p.m. 
Except for slight improvement in his respiration there was no change in his 
condition following this injection. The comeal reflex remained absent 
and the C 3 mnosis was not lessened. 

At 5.20 P.M. 5 ec. coramine were given intravenously. Following this 
injection the patient immediately woke up and talked. The C 3 "anosis dis- 
appeared and his respiration became deep. There was inuch spasticity 
of muscles, although no commlsion occurred; 5 cc. coramine were given 
intramuscular^ shortty after the intravenous injection. The patient was 
somewhat delirious for about ^ hour, but he became gradually mentally 
clear. No more coramine was given. 

Gastric lavage nith nasal tube was performed from 3 to 7 p.m. Only 
after 10 liters of permanganate solution had been used did the return fluid 
no longer change color. Charcoal suspension and magnesium sulfate 
were given through the nasal tube following the lavage. 

Sodium sulfap 3 widine, 1 gm. ever 3 ' 4 hours, was ^ven intramuscularly 
follondng the first intravenous dose. The patient had no fever during the 
period of obsenration. 

The patient was discharged in good condition 2 days after the commence- 
ment of treatment. He was seen again 3 days later and was found to be in 
good condition. The gastric washing was found to be positive for morphine. 

We have been able to appty this treatment between April 1 and 
November 1, 1941, to 46 cases of opium poisoning w’here coma had 
already' set in. Twelve of these patients died and 34 recovered 
(Table 4). The total mortalit3'- is therefore 26.1% =*=6.5, which is 
significantlv' different from the mortality of the years 1939 (74.4%* 
6.95) and 1940 (77% *6.74). Patients admitted with dilated pupils 
always died with or without treatment with coramine (Table 5). 
We have therefore analyzed separate^' the influence of the coramine 
treatment on the coma patients rvith non-dilated pupils and also on 
the coma patients with c3*anosis and with non-dilated pupils 
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(Table 4). The results are always markedly and significantly better 
after the coramine treatment has been introduced. 


Table 4. — MonTALiri' Rate in Acute Opium Poisoning With Coma Before and 
After Introduction of the Coramine Treatment. 


Signs: 

Coma cases. 

Coma with non- 
dilated pupils. 

Coma Mth cyanosis 
and non-dilated pupils. 

Year. 

Total. 

Mortality. 

Cases. 

Mortalitj'. 

Cases. 

Mortality. 

1938-1939 . 

. 39 

29 

74.4% ±6.9 

32 

22 

68.8% ±8.2 

24 

20 

83.4% ±7.6 

1939-1940 . 

. 39 

30 

77.0% ±6.7 

38 

29 

76.4%±6.9 

28 

22 

78.6%±7.8 

Apr.-Nov., 1941 

. 46 

12 

26.1%±6.5 

42 

8 

19.0%±6.0 

34 

7 

20.6%±7.0 


Table 5. — Mortality Rate in Acute Opium Poisoning With Coma and 

Dilated Pupils. 


Signs: 

Coma. 

Coma \v 

ith dilated pupils. 

Year. 

Total. 

Cases. 

Mortality. 

1938-1939 . . 

. . . . 39 

7 

7 

1939-1940 .... 

. 39 

1 

1 

Apr.-Nov., 1941 

. . . . 46 

4 

4 


Of the 12 patients we lost during the coramine period 4 had 
dilated pupils and 5 showed marked lung edema at admission. 
Therefore, the life-saving effect of coramine is on the whole limited 
to patients with opium poisoning as long as the pupils are con- 
stricted and no pulmonary edema has set in. Then, however, it is 
usually possible to save the life of the patient, even if the respiration 
has already practically stopped, if Cheyne-Stokes breathing is 
present, if the patient is deeply cyanosed or ashy colored, and if the 
cornea reflexes have disappeared. It is possible that the results 
would have been still better if a good many of the patients with 
opium poisoning who came for treatment had not been damaged by 
previous lavage outside the hospital. 

The amounts of coramine which were deemed necessary to revive 
the patients have greatly varied as shown by Table -G. 


Table 0.— Amount of Coramine Used. 


Dosage, cc. 

Casc.s. 

Deaths. 

Dosage, cc. 

Cases. 

Death. 

5.0 . 

. . 5 

0 

20.0 . . . 

. 12 

3 

6.7 . . 

1 

0 

23.4 . . . 

1 

0 

8.4 . . 

1 

0 

25.0 . . . 

. 1 

1 

10.0 . 

7 

0 

30.0 . . . 

. 3 

3 

14.2 . . 

. . 1 

0 

.35.0 . . . 

. 3 

2 

15.0 . 

6 

2 

45.0 . . . 

1 

1 

16.8 . . 

2 

0 

60 0 , . . 

1 

0 

IS 0 . . 

. . 1 

0 

'Total . . . 

. 46 

12 


Although the statistical differences are significant, we still thought 
it advisable to go into the question whether the coma cases observed 
during the iieriod of eoramine treatment were by any chance lighter 
than those treated during the 2-ycar period without coramine. If 
we take the duration of coma before arrival and the degree of retar- 
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dation of the respiration as the criteria for the gravity of the intoxi- 
cation, we see that: 

A. Five of the 18 coma patients who survived, in 1939 and 1940- 
were not comatose at the time of admission, a few even walked into 
the hospital (Table 7). They became drowsj' and comatose only 
shortly after arrival in the emergency ward, especially after or dur- 
ing gastric lavage. Cases of this kind do not belong to the most severe 
form of opium poisoning. In such patients only a small amount of 
opium has been absorbed at the time of admission and by gastric 
lavage the rest can be removed. On the other hand when coma has 
lasted for several hours before admission the outlook is serious. As 
only 1 of the 18 survivors had had coma for more than 2 hours before 
admission, most of the patients of the surviving group of 1939 and 
1940 evidently did not have severe cases of poisoning. 


Table 7. — Duration of Coma Before Arrival. 

Duration of coma. 



1939-1940. 

Apr.-Nov. 

1941. 

Developed after arrival . . . . . 

5 

4 

Less than 1 hour before arrival 

2 

3 

1 to 2 hours before arrival 

. . , 6 

U 

3 to 4 hours before arrival 

... 1 

S 

5 hours or more before arrival . 

.... 0 

3 

Unknown 

. . . . 4 

5 

Total 

. . . . 18 

34 


In the coma patients treated with coramine the duration of the 
coma before arrival was on the whole longer. Of the 34 patients 
who survived with coramine, 11 patients had been comatose for 
more than 3 hours before arrival. 

B. Of the 18 survivors in 1939 and 1940 before the coramine 
treatment, only I showed Cheyne-Stokes breathing and in no case 
iiad the respiration completelj^ stopped. In the period of coramine 
treatment 10 of the 34 survivors showed Cheyne-Stokes breathing 
and in 4 patients the respiration had even completely stopped 
(Table 8). 


Table 8. — Degree of Retardatiox of Respiration'. 

Respiration. 

Apr.-Nor., 

1939 - 1940 . 

0 
11 
1 
0 

Total .18 

Therefore, if any difference exists the patients who survived 
during the coramine period were on the average in a more serious 
condition than the patients who survived without coramine. 


Over 10 per minute 
Below 16 per minute 
Cheyne-Stokes tjTie 
No respiration 


1941 

5 

15 

10 

4 

34 
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It is well possible, although it cannot be proved, that the combina- 
tion of coramine plus sulfapyridine has been more effective than the 
application of coramine alone Avould have been. We have no 
statistical data which might prove or disprove this point. It 
remains, however, possible and even probable that several patients 
revived by the intravenous injections of coramine would have 
developed pneumonia if no sulfapyridine had been given. 

Summary. Between 1930 and 1940 the mortality of coma due to 
acute opium poisoning has fluctuated in our hospital between 70% 
and 80%. Idle treatment consisted of gastric lavage, charcoal, 
magnesium sulfate and caffeine injections. As soon as the respira- 
tory rate was decreased below 8 per minute the patients were put 
into a Drinker apparatus. 

Gastric lavage with the ordinary stomach tube often induces coma 
in patients with opium poisoning. It is also a frequent cause for the 
development of lung edema. In all serious cases of opium poisoning, 
certainlj'^ when coma has set in, gastric lavage should be performed 
through a nasal tube in order to avoid excessive gagging and strug- 
gling of the patients. 

Intravenous injections of 5 cc. coramine, usually to be repeated 
several times, are able to revive the respiratory center in opium 
poisoning and to restore consciousness. 

The coramine treatment, combined with intravenous injections of 
sodium sulfapyridine, has reduced the mortality in coma due to 
opium poisoning from 70% — 80% to about 26%. 

Even with this treatment the outcome of coma due to opium poi- 
soning is usually still fatal as soon as the pupils are dilated or lung 
edema has set in. 
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The estimation of the prothrombin content of blood using amounts 
which may be obtained readily by skin puncture has the advantage 
of less annoj^ance to the patient; but, if the same degree of duplica- 
bility is to be obtained as is possible by the method of Quick, the 
same control of physical conditions is required. Unless this accuracy 
is assured, the advantage scarcely justifies a change of procedure. 
An attempt, therefore, was made to estimate prothrombin on 0.05 ml. 
of capillarj'’ blood using standardized physical conditions. Since 
the determination is made immediately after withdrawal, disturb- 
ance of calcium from its native state by anticoagulants is unneces- 
sary. Other than this, the method is of practical significance only 
and has the same theoretical basis as that of Quick.-® 

Thus, as the essential mechanism for the coagulation of blood, 
the method uses the Morawitz-Wohlisch equation which requires at 
least four substances; calcium, fibrinogen, thromboplastin and pro- 
thrombin. Since it is a time reaction, the concentration of one of 
these, prothrombin, may be measured by coagulation time only if 
the other three are present in such concentrations that they are not 
limiting factors. Except in rare instances,-* calcium and fibrino- 
gen in their native state fulfill this requirement.®'®--®'*®” Practically, 
it is easily possible to alter this concentration if necessary.®^ Throm- 
boplastin of optimal potency has probably not yet been obtained 
and many reports have appeared indicating that the standard and 
near optimal potency described by Quick was not used. When 
thromboplastin becomes a limiting factor, absolute values are no 
longer comparable and relative ones {i. e., per cent of normal) have 
not been shown to be strictly so. 

Prothrombin estimations have been made by many variations of 
the methods of Quick,®® of Smith ei al.-^ and of Dam.® A brief 
resume is presented in Table 1. Conversion time of prothrombin 
to thrombin dissociated from the reaction time of thrombin on 
fibrinogen have not yet been assigned their places in the clinical 
laboratory. Therefore, the simplicity and ready duplicability of the 
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method of Quick has resulted in wider adoption of it than of the 
two-stage technique of Smith, Warner and Brinkhous.-® The use of 
Stypfen as a substitute for thromboplastin in the Quick procedure 
is of singular interests® The values reported by Fullerton for nor- 
mal plasmas equal his values for thromboplastin but do not equal 
those of Quick. Such values were obtained by Felicity, Hobson 
and Witts® when lecithin was added to Stypfen. . 

As shown in the resume, several investigators have used so-called 
micro amounts of whole blood for the determination. Quick used 
them in an approximate method.®*'' Although the endpoint is more 
easily read with plasma, the substitution of whole blood in his 
original method made no difference in the results.®*" Kato adapted 
the plasma method of Quick to micro proportions using oxalated 
whole blood. Others (see Table 1) have omitted anticoagulants 
and modified the method of reading the endpoint. 

In our experience skin puncture does not permit a sufficiently free 
flow of blood to obtain 0.2 ml. smoothly. As a result, closely dupli- 
cable values were not routinely obtained. The results are referable 
to those of Quick only on the percentage basis. Therefore, we 
attempted to estimate prothrombin on 0.05 ml. fresh, whole blood 
at 37.5° C. using thromboplastin which had a potency of at least 
12.5 seconds by the method of Quick. 

Technique. Only one reagent is required to carry out the procedure, 
thromboplastin extract, prepared according to Quick,®^ and having a 
potency of at least 12.5 seconds on normal plasma. These preparations 
liave been rather constant in potency. Those of rabbit lung have been 
more potent and at least as constant as those of rabbit brain. When they 
are acceptable they assay, on standard normal plasma, 10 to 11.5 seconds. 
If they are not of this potency they are markedly lower. Of a series of 
25 rabbits, studied when no rabbit brain obtained from animals locally 
available gave acceptable preparations, 19 assayed less than 12.5 seconds, 
1 as high as 8.5 seconds. If the lung showed signs of congestion or’appeared 
filled with blood, values up to 14.5 seconds were obtained. The brains of 
these same animals yielded extracts which assayed 12 to 12.5 seconds in 5 in- 
stances; less than 14 in 15 instances. Since this time (over a year) only an 
occasional preparation has been unacceptable. In the aforementioned 
series, admittedly inadequate in number, no relation to age, size, breed or 
diet was observable. Quick has mentioned that season may have an effect. 
These preparations of low potency were made in a verj-- warm season but 
fully potent extracts i. e., 10 to 12.5 seconds, were made the following year 
under equally adverse weather conditions. Greater care has perhaps been 
used to keep the preparations cold immediately after their processing and 
during their immediate desiccation on the Florsdorf-Mudd Crjmchem appa- 
ratus. Fractions sealed vi vacuo and kept in the dark at 3° C. have kept 
their potency for at least 17 months (j.c., when the last fraction was used). 

Most of the apparatus required are routine hematologic equipment: a 
glass micro culture slide with two depressions IS mm. in diameter and 
1.75 mm. deep, two pipettes graduated at 0.05 ml.,* a sharp lancet (prefer- 

* A convenient pipette is ni.ado by Ace Glass Company, distributed also by 
Scientific Equipment Company, 3527 Lancaster Ave., Philadelphia. In addition to 
the c.alibration mark it has a tapered tip which is sliphtly constricted. 
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ably of the rebound type), sterile gauze sponges, a stopwatch (split-second 
type), a rake with platinum prongs* (three 12 mm. len^hs of 24 B-D gauge 
platinum wire sealed into a 9 cm. length of glass rod), an alcohol lamp (gas 
burner), and a slide warming device. For this, it is possible to use a hot- 
water bottle, protected from drafts; the outside temperature being brought 
to 37.5° C. Far better is the slide incubator which has been especially de- 
signed for the testf (Fig- 1). It consists of a small compartment (approx. 



Flu. 1.— Appamtus for performing lest with slide indicator. 


0 by 5 by 3 inches), well insulated on three sides while the top, closed 
partially by insulation, has a window the dimensions of a slide. This 
window is closed by a sheet of copper wliich serves as a support for the slide 
and as a heat distributor. The heating element consists of a 7 watt sub- 
stage lamp inserted into the compartment. Between the lamp and the heat 

* SuRKcstcd by the platinum hook used in the method for determining coagulation 
time devised by Dr. Pearl Lee, unpublished. 

t May be obtained from the LaMottc Chemical Products Company Tow=on 
Baltimore, Md. 
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distributor, a sensitive bimetallic thermoregulator is mounted. A ther- 
mometer is placed beside the slide on the copper sheet. This unit has been 
built into a box which contains other compartments for the rest of the 
equipment needed to carry out three tests. This is a convenience when 
the test is to be made at the bedside. 

The procedure for making a prothrombin estimation follows: The slide 
is placed in the apparatus and brought to 37.5° C. The finger is cleaned 
with undenatured 70% alcohol. The thromboplastin extract (0.05 ml.) is 
placed in each of the two depressions in the slide. The finger, or the side 
of the heel if the patient is an infant, is pricked to obtain a free flow of 
blood. This is obtained more easily if the area of puncture is warm. After 
discarding the first 2 drops of blood, 0.05 ml. is taken up into a pipette. 
This is immediately discharged into the thromboplastin on the slide. The 
stopwatch is started, the mixture is stirred with a rake (previously cleaned 



by flaming and carbon free) and stroked once each second after 10 (or 12, 
depending upon the potency of the extract). The instant the clot as a whole 
moves is taken as the endpoint. A duplicate is then made from a fresh 
prick, starting the endpoint strokes | second later. 

This prothrombin time may be converted to terms relative to the normal 
by reading them on the dilution curve in Figure 2 when the thromboplastin 
extracts assay 12 seconds for normal plasma. For extracts of other poten- 
cies it is necessary to prepare standard dilution curves for the respective 
preparations. Those assaying between 10 and 13 seconds may be corrected 
mathematically to give usable values. 

Experimental Considerations. To test the reliability of the method 
it was compared with that of Quick in three ways. First, dilution 
curves were prepared using standard thromboplastin and plasmas 
shown to be normal and constant in amount, one for well over a year. 
The dilutions were made with saline in a few instances but the fibrin 
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web was too fragile in the lower concentrations for accurate reading 
of the endpoint. Dilutions were then made with saline solutions of 
fibrinogen prepared from oxalated, citrated and from heparinized 
plasmas. However, in the lower dilutions, where larger amounts of 
fibrinogen were required, indications of anticoagulant impurities 
made tliemselves evident although the preparations were dialyzed. . 
Therefore, fibrinogen was prepared* from hemophilic blood (a sug- 
gestion of Dr. Ferdinand Monroe) Avhich had a coagulation time of 
4 hours. Saline solutions of this material were used in obtaining the 
data for the curve shown in Figure 2. If the effect of plasma pro- 
teins on added calcium is disregarded, the calcium concentration 
was kept eonstant by drying in the slide depressions aliquots of an 
M/40 CaCb solution necessary to maintain 10 mg. per 100 cc. cal- 
cium. The calcium redissolves in the thromboplastin extract when 
it is placed on the slide. In obtaining the data for the curves, the 
appropriate aliquots of blood were taken up directly into a 0.1 ml. 
pipette, followed by fibrinogen-saline to the 0.05 ml. mark, mixed 
by tilting the pipette to and fro and discharged into the calcium- 
thromboplastin mixture. The rest of the technique was that of the 
routine procedure. 

A second comparison Avas made on a series of clinical cases. One 
series Avas studied by the same investigator using the same reagents, 
the bloods being taken almost simultaneously. In another, the tAAm 
procedures Avere carried out by independent investigators using their 
oAvn apparatus and reagents. (We are indebted to Dr. John Rein- 
hold, Chief Biochemist of the Philadelphia General Hospital for the 
Quick A^alues.) In this group seA’eral hours elapsed between the 
collection of the samples for the Quick method and those for the 
capillary procedure. In the latter a hot-Avater bottle served as a 
temperature unit. A third comparison AA^as made on the assay values 
of the tAA^o methods on thromboplastin extracts of various potencies. 
These Avere obtained almost simultaneously. 

Discussion. As shoAvn in Figure 2 , the micro capillary procedure 
gives a curve AA'hich may be very nearly superimposed upon that of 
Quick. The slope tends to be a little steeper at the higher concen- 
trations and tapers off more gradually beldAv 10 %. The only foreign 
chemical introduced into the preparation of the former AA^as (ISTi4)2S04 
(no anticoagulant AA\as used), ^^^lether the scarcely significant dif- 
ferences betAveen the Quick A-alues and those of the micro capillary 
method are due to these factors or to technical artifacts cannot be 
stated. The effects of other plasma proteins was not studied but 
Quick does not report a divergence in his dilution curves made Avith 
saline from those Avith deprothrombinized plasma. 

* Tlw fibrinoRen was prepared by half saturation with (NHiIiSOj. It was repre- 
eipitated 4 times from normal saline and dialysed IS to 24 hours at .3° C. Its saline 
solution, which was concentrated G times from the original plasma was prothrombin- 
free in the presence of 10 mg. per 100 ec. calcium. 
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Table 2.— Prothrombin Times in Clinical Cases. 

(A Comparison of the Values by the Quick Method with those by the Micro 
Capillary Procedure.) 



Quick 

Micro capillary 

Diagnosis. 

(seconds). 

(seconds). 

A. Same Reagents and Technician ^Sim^lltaneomly) . 


Normal 

11,0 

11.5 


12.5 

12.5 


12,5 

12.5 

Chronic calculous cholecystitis ... 

12 5 

12 5 


12.5 

12.7 


13.0 

12 8 

Carcinoma of lung .... 

13.5 

14.3 

Rectosigmoid carcinoma 

13.7 

13.5 


14,0 

13 7 

Melona .... 

14.0 

13 0 

Acute cholecystitis . 

14.2 

14,6 

Hemophilia .... 

14,7 

14 2 

Bile peritonitis 

14.7 

15.0 

Tuberculous enteritis 

15 3 

15,8 

.Subdiaphragmatic abscess 

15,5 

10.5 

Polycythemia vera . . 

21.0 

20 5 

B. Independent Reagents and Technician (Same Day). 


New-born hypoprothrombinemia (after vitamin K) 

12.5 

13 0 

Chronic calculous cholecystitis 

12.5 

13.0 

Pneumonic bacteremia XI 

13.0 

12.5 

Diabetes mellitus ... 

13 0 

13.0 

Acute catarrhal jaundice ... 

13.0 

13.0 

Pneumonic bacteremia XI 

13.0 

15.0 

Chronic calculous cholecystitis 

13 0 

16.0 

Carcinoma, primary; cholelithiasis 

14,0 

14.0 

Sydenham's chorea .... 

14 5 

15 0 

Carcinoma (primary?) ; cholelithiasis ... 

15.0 

15.0 


15 0 

10.0 

Adenocarcinoma of duodenum .... 

22 0 

21,0 

Chronic myelogenous leukemia with jaundice 

42 0 

189.0 


(in extremis) 


Table 3. — Standardiz.ation of Thromboplastin Extracts. 
Simultaneously by: 


Quick’s method 
(seconds). 

12.5 

12.5 

13.0 

14.0 

16.0 • 

16.5 

17.0 


Capillary method 
(seconds). 

13.5 

12.5 

12.0 
14 5 

19.0 

17.0 

16.0 


. In assays of the thromboplastin extracts (Table 3) and in the 
series of clinical cases (Table 2), the values for the two methods 
check usually within 5% of prothrombin, always within 10%. Since 
the Quick procedure uses plasma and the capillary method whole 
blood, the values in polycythemia are interesting. For the case in 
Table 2, the volume of packed cells was 79%, the volume index 
1.08 anci the erythrocyte count 7,200,000. Nevertheless the two 
methods checked. However, after lysing the cells into their plasma 
with distilled water and restoring the calcium concentration 
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to 10 mg. %, tlie prothrombin value decreased, over that for 
normal blood similarly treated, in proportion to the hematocrit. 
Since the cells, in untreated blood, do not actively dilute, the con- 
centration of prothrombin in blood and plasma remains the same. 
This is true also for bloods for which the hematocrit values are ab- 
normal. In the micro capillary procedure the increased concentra- 
tion of cells may, by their added viscosity, aid in reading the end- 
])oint, L. e., in moving the clot as a whole. The absolute amount 
of both fibrinogen and of prothrombin are less in these samples. 
As in enzyme systems, the conversion of prothrombin to thrombin 
plus the action of thrombin on fibrinogen, as measured by the one- 
stage techniques, seems to be a function of concentration not of 
absolute amounts. 

It would appear from these data that the micro capillary pro- 
cedure here described can serve as a substitute for the Quick pro- 
cedure where venipuncture is undesirable and where it is required to 
obtain the value at the bedside. It approaches the Quick method 
for accuracy and is by its use of native calcium more physiologic but 
requires somewhat greater skill to read the endpoint. Whatever 
error results frora-tissue'juice'contamination in samples taken with- 
out pressure from a finger prick is inherent in the method. 

■Summary. A practical micro method for the estimatipm-oh' 
tiit^bin-tm-fresh capillary blood has been suggested By dilu 
curves~?ni'd“by"simultaneously estimating the prothrombin-coitfent 
of normal and pathologic bloods, the micro capillary method shows 
a parallelism with the Quick values usually withiii 5% prothrombin, 
certainly within 10%. Since physical condition^ are controlled as 
in the original Quick procedure, values are coiripapble both in abso- 
lute and in relative terms. A variation in hematocrit caused no 
divergence. ■ i 
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DIAGNOSTIC CRITERIA AND RESISTANCE TO THERAPY IN 
THE SPRUE SYNDROME. 


By Frederic M. Rynes, M.D., 

FLORENCE MC AUSTER PROFESSOR OF MEDICINE, DUKE UNIVERSITY SCHOOL 
OF MEDICINE, DURHAM, N. C. 

The sprue syndrome (celiac disease— sprue) is, as a rule, amenable 
to proper therapy, although, from the great variations in its symp- 
toms. one would not expect constant uniformity in therapeutic 
results. Celiac disease, which is the childhood analogue of adult 
sprue, has been shown* to respond very satisfactorily to parenteral 
liver extract when the vitamin B complex is added. Celiac disease 
bears the same relation to sprue that cretinism does to myxedema. 

In adult sprue, whether occurring in warm or cold climates 
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(“tropical” and “non-tropical” sprue being identical), the response 
to parenteral liver extract, with a diet low in fats and rich in proteins 
and vitamins, is, in the great majority of patients, prompt and 
dramatic. Such patients quickly regain their lost appetites, eat 
ravenously and often gain 1 pound a day; the tongue returns to 
normal and the diarrhea ceases promptly. Concomitantly a sense 
of happiness and well-being replaees the former feeling of depression 
and despondency. 

Such is the usual result, but now and then a patient is encountered 
who, though fulfilling the most stringent diagnostic requirements of 
the sprue syndrome, yet responds poorly or not at all to adequate 
liver and dietary therapy. This communication aims to direct 
attention to 4 such cases which have occurred among 60 instances 
of the sprue syndrome studied during the past 7 years in the Duke 
Hospital Clinic. 

The diagnostic requirements of the syndrome, to which we have 
adhered with the utmost rigidity, are these: 

1. Steaiorrhea. In 48 cases of this series the average amount of 
fat in the dried stools was 48.5%. In normal individuals the stool 
fat does not exceed 15% of the dried weight, and on the usual diet is 
even lower. Sprue cannot be diagnosed in ike absence of steatorrhea, 
demonstrated quantitatively, though steatorrhea does occur, of 
course, in other diseases. 

2. Loss of Weight. This is practically a constant finding and may 
equal or exceed that seen in any other condition. Losses of from 
25 to 70 pounds are the rule and not infrequently the patient has 
lost as much as he weighs on admission. One patient, a woman of 
51, had lost 98 pounds in 1 year. 

3. Low Glncosc Tolerance Curve. The sprue patient exhibits very 
constantly a rise of less than 40 mg. per 100 cc. in the blood sugar 
curve when given 1 gm. of glucose per kilo of body weight. As a 
rule, the rise is very slight and no rise at all may occur. The 
average rise in blood sugar in 54 of our cases was 20 mg. per 100 cc. 
If the patient has received liver the rise may exceed 40 mg. per 
100 cc., since under the influence of liver therapy the blood sugar 
tolerance curve rises rather rapidly. Despite the fact that such low 
glucose tolerance curves are found in some 5% of normal people, as 
well as in disease states other than the sprue syndrome, the con- 
stancy of its occurrence in sprue gives it great value in completing 
the clinical picture. 

4. Anemia. In our experience the fully developed sprue syn- 
drome in adults i)ractically always exhibits a macrocytic-h^Toer- 
ehromic anemia, which cannot be distinguished either by peripheral 
blood or bone marrow studies from the hematologic picture of per- 
nicious anemia. The bone marrow of children seldom reacts in a 
macrocytic-hyperchromic manner to any injury, and it is thus not 
surprising that a reaction of this type is very rare in celiac disease. 
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5. Hypochlorhydria and Achlorhydria. Low acid values in gastric 
contents after histamine stimulation are commonly seen in untreated 
sprue, the acid values rising, however, with fair rapidity after 
successful liver and dietary treatment. Histamine-refractory achlor- 
hydria does not occur in sprue more often than in normal individuals. 
In 56 cases, normal values were found in 22%, hypochlorhydria in 
57 % and achlorhydria after histamine in 21 %. It is thus seen that 
19% of patients suffering from the sprue syndrome cmdd be differenti- 
ated on admission from pernicious anemia by gastric analysis alone. 

There are other features of the sprue syndrome, such as a sore, 
reddened and depilated tongue, nith or without aphthous ulcers; 
a pendulous, gaseous abdomen, with a much distended colon, and 
certain Roentgen ray findings common to several other deficiency 
states, which fill in the clinical picture, but the five findings described 
above are highly characteristic of the sprue syndrome, and unless 
present one should be very reluctant to make this diagnosis. It 
should be emphasized, however, that the sprue syndrome is in nowise 
hazy and ill-defined; if the disease is studied with all modern re- 
sources its differential diagnosis is clear and precise. Without such 
studies it is impossible to make the diagnosis in many instances, and 
no report in the literature upon the sprue syndrome can be regarded 
as fully reliable unless the data essential to a correct diagnosis, as 
detailed above, have been assembled. For this reason much of the 
literature is more confusing than informative. 

It is not infrequently impossible to establish the diagnosis of sprue 
without a quaniitafive estimation of the fats in the stool. The follow- 
ing method for the determination of total stool fats was developed 
in this clinic bj' Dr. Raymond Reiser, and has been found sufficiently 
accurate for clinical use. 

Method. Reagents : 9N sulfuric acid (approximately) ; 95 % ethyl alcohol ; 
ethyl ether, TJ.S.P.; petroleum ether, U.S.P. 

Make stool sample to Hscous consistency vith distilled water, mixing 
well to homogenize. If large particles still remain, strain through a No. 8 
strainer. 

1. On an analjdical balance weigh to milligrams a 5 to 10 gm. sample in 
a tared 50 cc. pjorex beaker. Dr}-^ in oven at approximately 115° C. for 
about 3 hours. This will jdeld drj^ weight of stool, and can be carried on 
during the fat extraction, which is carried out on another sample as follows: 

2. At the same time weigh out to milligrams a 3 to 5 gm. sample of the 
watery homogenized stool directlj' into the bottom of a 50 cc. round-bottom, 
narrow-neck centrifuge tube, taking care to keep material from sides of 
tube. Add 1 cc. of 9N sulfuric acid and make to approximate^ 5 cc. rrith 
water. Add to this an equal volume of 95% ethj'l alcohol. Heat in boiling 
water bath for 2 minutes. Cool thoroughly under running water. Add 
15 cc. of ethyl ether, stopper with cork stopper, and shake vigorously. 
Add 15 cc. of petroleum ether, stopper, and shake wgorously. Centrifuge 
at low speed for 3 minutes. Transfer the clear supernatant fluid to a shal- 
low-bottom, 50 cc., conical centrifuge tube. Evaporate the ether cautiously 
by heating the tube in a small beaker of hot water, taking precautions to 
prevent bumping. For this purpose a small special stirring rod, with a 
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curved, l)caded tip, is placed in the tube. Repeat the extraction of the 
alcoholic stool mixture 4 or 5 times using 15 cc. portions of eth 3 d ether and 
petroleum ether each time as before, and evaporating the supernatant 
cautiously after each extraction. 

The residue from the extractions remaining in the conical centrifuge tube 
is dried by heating the tube in boiling water bath for 10 minutes, making sure 
that no alcohol, ether, or water remains in the tube. Cool and add 30 cc. 
of petroleum ether, washing down stirring rod and sides of tube, and 
stirring up residue well. Centrifuge at low speed. Transfer the elear 
supernatant fluid to a tared 50 cc. Erlenmeyer flask. Evaporate the petro- 
leum ether slowly bj’’ heating cautiouslj'’ on a steam bath. Repeat this 
extraction with 30 cc. portions of petroleum ether 4 times, transferring the 
supernatant to the 50 cc. Erlenmeyer flask and evaporating off the petro- 
leum ether each time. After the last evaporation no petroleum ether should 
remain. 

Drj'- the flask on the outside and place this flask and the beaker from “ 1,” 
containing the oven-dried sample of stool, in a vacuum desiccator for 1 hour. 
Weigh the beaker to milligrams and the flask to tenths of milligrams, using 
an analytical balance. 

Calculation: 

(gm . of stool before dr^dng) X (gm. of fat in flask) X (100) _ 

(gm. of dried stool) X (gm. of stool taken for fat extraction) ~ ° 

dried stool. 

TJie following differential possibilities must be considered in the 
diagnosis of the sprue syndrome: 1, pernicious anemia; 2, multiple 
avitaminoses; 3, pancreatic disease; 4, tabes mesenterica; 5, gastro- 
colic fistula; 6, anorexia nervosa; 7, Simmonds’ disease. These need 
not be considered in detail in this place. Pernicious anemia presents 
the greatest difficulties, and it is with this disease that the sprue 
syndrome is most often confused. One may say briefly and con- 
fidently that if the five characteristic features of the sprue syndrome, 
as enumerated above, are borne in mind the differential diagnosis 
of the syndrome presents no serious difficulty. 

As the following 4 histories are presented to illustrate only one 
point, namely, that the sprue syndrome in certain instances may 
prove refractory to treatment, only the essential details will be 
given. 

Case Abstracts. Case 1 (Duke Hosp., No. A-51386). A married woman, 
aged 28, since the age of 5 or 6, has had attacks of diarrhea, especially in 
the summer, lasting a few daj'S, with 6 to 8 stools daily. With these 
attacks she had abdominal cramps, nausea and vomiting. She has always 
been “anemic” and underweight. 

During her first and only pregnancy she vomited a great deal and became 
so anemic that she remained in the hospital for a month postpartum under 
treatment with liver and iron._ A few months later she began to ha^•c 
severe diarrhea, with 15 to 25 stools dail.y, severe prostration, nausea, 
vomiting and rapid loss of weight. At this time the diagnosis of sprue 
was made and liver therapy, iron and a “diet low in fat and carbohj’drate 
with bananas were given. She improved, but had several more attacks 
of the same kind, until about 3 j'ears ago she was admitted to her local 
hospital weighing only G9 pounds. After “liver and banana” therapv for 
3 weeks she improved and her weight was 105 pounds on discharge. 

The course of the ailment during the past 3 vears has been steadilv 
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unfavorable, with frequent bouts of nausea, voUiiting, diarrhea and alternat- 
ing gains and losses in weight. 

Phjsical and Accessory Examinations. The patient was verj’- thin, 
weighing 90 pounds (best weight 115 pounds). The stools were grayish- 
browTi in color, unformed, and the average of 5 determinations of fat in the 
dried stools was 42%. The glucose tolerance test on admission showed a 
rise of 2 mg. per 100 cc.; a second test done 8 months later, after adequate 
liver and dietary therapy, e.xhibited a rise of only 11 mg. per 100 cc. The 
blood on admission showed; R.B.C. 3,800,000, Hgb. 13.2 gm. {8b%), 
M.C.Y. 101, M.C.H.C. 35.4-10-'2, C.I. 1.14, reticulocytes 0.8%, W.B.C. 
5800. Eight months later the R.B.C. were 4,200,000, Hgb. 13.8 The 
jasting stomach contents showed total acid 33°, free HCl 25°; after histamine 
(0.5 mg.) total acid 59°, free HCl 57°. 

Comment (Case 1). The history and physical findings are typi- 
cally those of the sprue syndrome except for the rather indefinite 
account of attacks of diarrhea from childhood on. These may well 
have been due to sprue, for the syndrome may begin at any age. 
The patient received very adequate treatment with liver extract, 
yeast (Vegex), iron and a diet low in fats but adequate in proteins 
and vitamins. Her response to treatment has been very poor and 
she continues to suffer from the symptoms with which she was first 
seen. 

Case 2 (Duke Hosp., No. 70486). A man, aged 56, for 2 years before 
admission had noticed progressive weakness and gradual loss of weight, 
and for the past year has had intermittent bouts of diarrhea, with the 
passage of 4 to 5 stools, large in volume, light yellow in color and foul 
smelling. His continued loss of strength brought him to the hospital. 

Physical and Accessory Examinations. Except for marked evidences of 
loss of weight and edema of the feet and legs, the physical examination 
was not important. He had lost some 30 pounds in 2 j^ears. The stools 
were semiliquid, silver-gray in color, foul-smelling, looked fatty and were 
greasy to touch. Of the dried 24 hour stool, 37.8% was fat. Oral glucose 
tolerance test showed a rise of 10 mg. per 100 cc. Blood: R.B.C. 1,100,000, 
Hgb. 6.3 gm. (41%), C.I. 1.72, hematocrit 21 vols.%, M.C.V. 144, M.C.H.C 
.52, W.B.C. 4900. The fasting slo7nach contents showed total acid of 10°, 
free HCl 0; after histamine total acid 89°, free HCl 80°. 

Course. This patient was admitted to Duke Hospital 3 times from 
July, 1936, to April, 1939. On the first admission the diagnosis of sprue 
was registered and adequate treatment given to which he made a satisfac- 
torj' response, gaining 1,690,000 R.B.C. and 4 gm. of hemoglobin in 26 days. 
The diarrhea ceased and he felt ver 3 '^ well, but gained no weight. 

Despite careful instructions as to therapy, and several requests bj' letter 
for his return to the clinic, he was not seen until nearty 2 years later. At 
that time he had lost so much weight as to be merely “skin and bones.” 
He reported that during the preceding year the diarrhea had returned and 
that he had grown so weak that he had been forced to remain in bed in the 
County hospital. 

On the second admission nothing new was discovered, although all 
former tests, Roentgen raj's and so on were repeated, except signs of sub- 
clinical tetanj'', with blood values for calcium of 4.8 mg. per 100 cc., and for 
phosphorus of 2.5 mg. per 100 cc. A hj'perchromic-macrocjd;ic anemia was 
still present, 35° of free HCl were found after histamine; fat in the stool 
was 56% of the dried weight. The therapeutic response to liver, iron, 
calcium and a high Htamin, high caloric diet was verj’- unsatisfactorj'. 
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The reticulocyte response to liver extract was only 2.4% with a R.B.C. 
count of 1,900,000, and he gained in 30 daj^s of treatment only 650,000 
R.B.C. and 1.5 gm. of hemoglobin. 

One year after his second admission he was sent by the County social 
welfare service for a third admission. His failure to improve in health had 
made him dependent upon public support and his condition on admission 
was that of advanced sprue cachexia. He was now given maximum liver 
therapy parenterally and orally, together with all dietary aids, but he 
failed completely to respond to therapy. 

The R.B.C. on admission were 2,300,000, Hgb. 9.3 gm. and were almost 
the same on discharge after 4 weeks of intensive liver therapj'^, during which 
he received from 30 to 60 U.S.P. units daily. 

Forty-seven per cent of the dried stool was fat; there was a rise of onty 
13 mg. per 100 cc. in the glucose tolerance curve and there were 91° of free 
HCl in the stomach contents after histamine stimulation. He died 1 month 
after discharge. No autopsy. 

Covimcni (Case 2). The 2 instances of the sprue syndrome, just 
detailed, though not presenting evidences of unusual severit.y, yet 
proved almost totality refractory to the most intense liver and dietary 
therapy. It must be emphasized that Ave have seen many patients 
mueh more ill in appearance than Avere either of these 2, but AAdio 
responded rapidly and most satisfactorily to far less liver therapy 
than these 2 patients received. 

Case 3 (Duke Hosp., No. A-13088). A man, aged 21, Avas admitted on 
3 occasions, tAvice for diagnostic studies of only a feAv days’ duration, during 
AA’hich no treatment AA^as given, and a final admission of 4 days AA'hich ter- 
minated by death, Avith autopsy. The diagnosis “sprue” Avas registered 
on each admission and proper treatment adAused. 

He had been a normall}’’ healthy child, AAith no historj’- of any intestinal 
trouble. At the age of 14 he began to have bouts of diarrhea at intervals 
of from 1 to 3 months, passing 4 or 5 AA'aterj’^ stools daily. During such 
attacks his appetite failed and he suffered from mild abdominal “gas pains,” 
relieA’’ed by defecation. 

It is impossible to saj" hoAV much treatment he receiA^ed, but he Avas given 
liver intermittent!}'. Gradually the periods of diarrhea became more fre- 
quent, of longer duration and Avere accompanied by anorexia, A'omiting and 
marked Aveight loss, AA’hich Avas regained in part during the periods of remis- 
sion. In the 4 months just preceding his final admission he lost 60 pounds 
(average Aveight 130; admission Aveight 70). He has suffered from soreness 
of the tongue and mouth. 

Physical and Accessory Exaniinatioyis. On his final admission he Avas 
terribly emaciated, AA-eighing 70 pounds, and Avas described as “just skin and 
bones.” Stools: these had the appearance of “light yelloAv, foamy soup,” 
and 50% of the dry Aveight Avas fat. A glucose tolerance test showed a rise 
of 14 mg. per 100 cc. The blood shoAA’ed constantly a mild macrocytic- 
hyperchromic picture, Avith a M.C.V. ranging from 91 to 98 and a color 
index of from 1 to 1.3. On the final admission ascorbic acid, carotene and 
vitamin A Avere absent from the blood plasma. The fasting stomach contents 
shoAA'cd no free HCl but, after histamine stimulation, 10° Avere found. 

Comment (Case 3). OAving to tlie patient’s obA'iousIy A*ery serious 
condition he Avas given maximum treatment AA'ith liver extract and 
all the available vitamins, intravenously. 'He shoAA'ed no improve- 
jnent AA’hatsoever and died after 10 days. 

voi.. aoi. NO. 3. — sErrr.MnEn. 1P42 
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The autopsy failed to demonstrate a cause of death. There M'as 
great emaciation and loss of fat everywhere, with mierosplanehnia. 
The mucosa of the entire gastro-intestinal traet appeared quite 
normal. The pancreas and adrenals were normal in appearance. 
Permission could not be obtained to open the cranium. 

Case 4 (Duke Hosp., No. A-29848). A woman, aged 30, was admitted 
follovdng a 3 months’ stay in another hospital, where she was under the care 
of an experienced physician who had made the diagnosis of sprue and carried 
out what seemed to be intensive and adequate liver and dietary treatment, 
together with iron and anterior pituitar 3 ' extract. A glucose tolerance test 
had revealed that there was no rise whatever in the curve (fasting sugar 
100 mg. per 100 cc.; at J hour inten'als it was 83, 83, 86, 90, 100 mg. per 
100 cc.). She was transfused on several occasions. 

Eight months previous to admission she had developed malaise, weaknes.s, 
slight anorexia and a diarrhea which had steadily increased in frequency 
and severity. She passed from 4 to 8 large clay-colored foul-smelling stools 
daity. In 1 month she lost 13 pounds and on admission weighed 73 pounds. 
Her condition on admission was obviousty serious in the extreme. One 
observer described her as “one of the most realistic examples of skin and 
bones that I have ever seen.’’ She had lost some 30 pounds. The tongue 
was beefy red, dry and quite devoid of papillre. She swallowed even liquids 
with difficulty. Stools: these were thick-liquid, light colored_ and contained 
51% and 54% fat on 2 occasions. Proctoscopic examination showed no 
ulcerations or abnormalities, and the stools did not contain blood. Owing 
to her condition no glucose tolerance test or gastric analysis was done. 
The report from the hospital from which she was transferred stated that 
there was no free HCl in the gastric contents after histamine stimulation. 
There were 3,750,000 R.B.C., Hgb. 13.9 gm., color index 1.2. There was 
marked anisocytosis with macrocjdes predominating; red cells were filled 
with hemoglobin. 

As pointed out above, the patient had received adequate treatment for 
sprue before admission; but in ^^ew of her desperate condition liver extract 
was administered both intravenously and intramuscularly in maxiinum 
doses, together with glucose and several blood transfusions. She was given 
adequate amounts of nicotinic acid, ribofla^dn and thiamin chloride and 
calcium gluconate intravenously, but in spite of this heroic therapy she 
became progressively weaker and expired on the tenth daJ^ 

The autopsy findings in this patient were almost exactfy similar to those 
of Case 3. With the exception of moderate edema of the entire gut, nothing 
abnormal was found. The pancreas was small but so were all the abdom- 
inal viscera. No structural cause of death could be established. 

Summary and Conclusions. The essential criteria for the diagno- 
sis of the sprue syndrome (celiac disease— sprue) are detailed. 

The physical character of the stools in sprue is an unreliable 
diagnostic aid, since this varies from “dirty dish-water” to the 
classic large, foamy stools of the te.xt-books. A quantitati^T esti- 
mation of fat in the stools is the only reliable evidence of steatorrhea. 

Abbreviated histories of 4 sprue patients are given, all of whom 
exhibited marked refractivity to the form of treatment which m 
the great majority of patients suffering from the sprue syndrorne 
yields prompt and brilliant results. In other words, under certain 
conditions the morbid process appears to be irreversible. The 
reason for this occasional refracti^dtj’ is not known. 
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Three of the 4 patients died, and 2 were examined postmortem. 
Tlie autopsy findings were similar in every way to those reported 
by other observers, being those of extreme inanition only, and inade- 
quate to explain the fatal outcome. 
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Periarteritis nodosa is no longer thought to be a hopeless 
malady. During recent years, several cases of this disease have 
been reported which were characterized bj’^ marked chronicity, re- 
missions and apparent cures. 

The purpose of this paper is to report a case of periarteritis nodosa 
in a negro male which tvas successfully treated with sulfapyridine. 
The response to the therapy tvas prompt and the patient is appar- 
ently well 19 months after the cessation of treatment. 

No attempt was made to make a complete survey of the literature. 
Only those cases showing spontaneous remissions or therapeutic 
responses were analyzed. 

C!arling and Hick^ reported the gradual recovery from an active 
jihase of iieriartcritis nodosa with the use of intravenous injections 
of arsenicals. Several months later the patient was apparently well 
except for some evidence of generalized muscular wasting. 

Sehott.staedf' treated a 41-year-old barber with neo.salvarsan. 
'rile iiatient gradually improved and after several months was 
apparently cured. Aiiproximately 2 years later the jiatient was still 
in a state of “remission.” 

IMaeaigne and NieaiuB reported the occurrence of periarteritis 
nodosa in a female, who suffered her initial attack at the age of 
2 1 years. After a latent jicriod of 5 years, she had crises of increas- 
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ing severit}^ every year for about 10 years. The treatment consisted 
of general systemic and symptomatic measures. The patient was 
alive at the time the paper w'as published. 

Martin et alJ described a case which had existed for 10 years 
and was characterized by five separate crises. In the first crisis, 
“I.O.D.” vaccine and injections of milk relieved her symptoms. 
Incision of “fixation abscesses” resulted in a favorable response in 
the second, third, and fourth crises. Arsphenamine may have bene- 
fited the fifth crisis but recovery w'as not evident at the time the 
report was published. 

Motley^ treated a 31-year-old male wdth general physiologic 
measures, blood transfusions, small doses of neoarsphenamine, and 
a high vitamin diet. The patient gradually improved and w'as well 
several months later except for residual neurologic changes. His 
subsequent course was not known, 

Vining^ reported a case of a 7-year-old female whose illness lasted 
22 months, during w’hich there w'ere five phases of active illness. 
No specific therapy w'as used. She was well at the time of the 
published report 1 year after discharge. 

Lindberg, according to Vining,’ reported a case of a child 15 years 
of age who was treated with iodides and recovered after an illness 
of 4| years’ duration. 

Grant- reports 7 cases, 4 of which w'ere still alive. The essential 
treatment in these was one of supportive measures. 

Case Report. The patient, J. W., a negro male, aged 22, entered the 
hospital on April 14, 1940, complaining of aching pains in the legs, neck, 
and general weakness of 8 days’ duration. 

He stated that the onset of his present illness began with dull aching pains 
in the legs, right arm and neck. The pain w'as so severe that he was 
unable to stand or use his arm. Aspirin gave only temporary relief. At 
no time did he notice any sn-elling of the joints. The pain became localized 
in both calf muscles and the right biceps. Chills and fever were associated 
with these pains. Shortly after the onset, a small nodule appeared in 
the left forearm which he described as about the size of a “buck-shot.” 

He had the usual childhood diseases. A tonsillectomy was performed 
15 years ago. He was not subject to attacks of pharjmgitis or tonsillitis. 
He gave no history of attacks similar to his present illness. 

The fam% and marital historj- w-ere essentially negative. 

He worked in a C.C.C. camp 6 months prior to the onset of the present 
illness. His eating and sleeping habits were of a normal character. 

Physical Examination. The patient was a wmll-developed and well- 
nourished negro male who was Ijung in bed under a heat tent and appeared 
to be in acute distress, e.speciall 3 ' whenever he attempted to move his right 
arm or legs. 

The temperature was 100“ F., pulse SO, respiration 22, blood pressure 
100/58 mm. Hg. He weighed 125 pounds. The examination of the heart 
and lungs revealed normal findings. There were no enlarged organs or 
masses in the abdomen, and no tenderness was elicited on deep palpation. 
The muscles of the neck were tender but there was no limitation of motion. 
The muscles of the arms and forearms, particularlj' the flexors, were tender 
with a 90% limitation of motion. Small, firm, freelj" movable, moderately 
tender subcutaneous nodules measuring 0.2 to 0.5 cm. in diameter were 
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])resent on the volar surface of each forearm in the region of the ulna. 
There was no evidence of muscular atrophy. The calf muscles of both legs 
were extremely tender, but there was no limitation of motion and no nodules. 
All reflexes were physiologic. Examination of the fundi disclosed no 
abnormalities. 

Laboratory Examination. An EPA view of the chest revealed no evi- 
dence of pulmonary disease. The heart and great vessels were of normal 
size and configuration. An electrocardiogram revealed no evidence of 
myocardial disease. 



Fig. 1.— Photoniicrocraph of nodule from left ^ol•c.^rm (X112). Area showing 
(hreo small arteries in cross-sections with surrounding fibrosis and inflammatory cell 
infiltration. Vessel walls infiltrated with inflammatory cells. Each vessel is throm- 
bosed. 

Hematologic studies revealed 4,600,000 red blood cells per c.mm. Hemo- 
globin 95% (Sahli), white blood corpuscles 21,500 per c.mm., neutrophils 
77%, Ijnnphocytes 11%; monocytes 11%, basophils 1%. The sedimenta- 
tion rate was _20 minutes (Linzenmeier method). Urinalysis revealed no 
alniormal findings. The lilood chemistrj' was as follows: urea nitrogen 
14 mg. per 100 cc., glucose SO mg. per 100 cc., icterus index 16.5, cholesterol 
150 mg. per 100 cc. Phenolsulphoncphthalein and Fishberg kidney func- 
tion tests were withiti iionnal limits. Kline and Kolmer tests of the blood 
were negative. Blood agglutinins for typhus, typhoid, paratyiihoid and 
undulanf. fever were all negative and remained .so on subsequent exain- 
mations. 

The biopsy of the forearm revealed an ellijitical .shajied piece of skin 
mca.snring about. 1.5 cm. in length and O.S cm. in diameter with about 
U.S cm. of subcutaneous tissue attached to the central portion. Serial 
parallin sections, stained with hematoxylin and eosin, were made of the 
entire specimen. One inflammatoiy focus (Fig. 1) in the subcutaneous tis- 
sue consisted of three small arteries cut in cross-section which were envel- 
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oped in edematous connective tissue heavily infiltrated with l}Tnphocjdes, 
macrophages and neutrophils. A similar t 5 'pe of tissue was present in the 
area between each vessel. The wall of each artei^' was markedl}' thickened 
because of inter- and intracellular edema of the muscular coat and a hea^' 3 ' 
infiltration with inflammator}'^ cells which were predominantly neutrophils. 
Eosinophils and Ij-mphocytes made up the remainder of the cellular exu- 
date. Each of the three vessels was thrombosed and showed extensive 
necrosis of the endothelium. In some of the sections where the endothe- 
lium was still preserr^ed, marked hj^dropic degeneration of the endothelial 
cells was present. In tn-o of the vessels no internal elastic lamina was iden- 
tified but in the third, small, swollen portions still remained. Other vessels 
throughout the remainder of the tissue showed less extensive changes. Most 
of these vessels were ver^' small arterioles which showed hydropic degenera- 
tion of the muscular coat and of the endothelium, accompanied b}' a peri- 
vascular infiltration of lymphocytes. Perivascular fibrosis was present 
about most of the vessels. 

Course in the Hospital. The patient was given a high caloric, high vita- 
min diet. Sahcylates, barbiturates, and opiates were administered to 
relieve pain. Heat was applied to the bodj' surfaces by means of a heat 
tent. Ml of these procedures gave only temporarj^ relief. A nodule from the 
left forearm was taken for biopsy 4 da 3 's after admission (Fig. 1). During the 
first 2 weeks in the hospital the patient developed sudden severe, cramp- 
like abdominal pains simulating those seen in mesenteric arterial occlusion. 
His temperature fluctuated between 99.5° F. and 101 ° F. during the first 
2 weeks in the hospital. During the earlj' part of the third week the tem- 
perature graduall}'' rose and fluctuated between 100.8° F. and 103° F. 
At the end of the third week he had lost 35 pounds in weight. On the 
twenty-second hospital da}' he was given an initial dose of 45 gr. (3 gm.) 
of sulfanilamide followed by 80 gr. (6 gm.) daily for 6 days. There was no 
therapeutic response to the drug. 

The patient was then given 15 gr. (1 gm.) of suFanilic acid and 7^ gr. 
(0.5 gm.) of sodium bicarbonate 3 times daily for 14 days, but failed to 
respond to this therapy. The blood leukoc}'tes remained elevated but the 
red blood cells fell to 2,900,000 per c.mm. 

SuFap}’Tidme was started on the thirty-ninth hospital day at which time 
the temperature was 101.5° F. An initial dose of 4 gm. was given, followed 
by 1 gm. ever}' 4 hours. The dosage was reduced to 0.5 gm. every 4 hours 
when the blood sulfapyridine reached a high level. Within 12 hours the 
temperature dropped to 99° F. and remained between 99° and 100° F. 
for the next 12 days. SuFap}Tidine was then discontinued for 2 days 
during which time his temperature rose to 101.7° F. Following resumption 
of the drug the temperature gradually fell and reached normal 8 days 
later, when the drug was discontinued. Xo further elevations in tempera- 
ture occurred. A total of 156 gm. of suFap}Tidine was administered over a 
period of 32 days. The blood sulfap}'ridine levels ranged between 6 mg. 
per 100 cc. and 18.6 mg. per 100 cc., with the average level being 10.8 mg. 
per 100 cc. Just prior to his discharge from the hospital the red blood cells 
had increased to ^600, 000 per c.mm., and the hemoglobin to 60% (Sahli). 
The white cell count was normal. The sedimentation rate was normal. 
Repeated electrocardiograms revealed no evidence of myocardial disease. 
He had regained 18 of the 35 pounds he had lost in the early part of his 
illness. The nodules were no longer palpable and the patient was without 
complaints. He was discharged on July 31, 1940, 106 days after admis.sion 
to the hospital, the last 3 weeks of which he was completely free of s}'mptoms. 

He was readmitted 6 weeks later for a checkup examination. A routine 
physical and laborator}* examination was made and all tests found to be 
within normal limits. He had gained 12 additional pounds. 
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Since liis original cliscluirge 19 months ago, we have seen him on three 
occasions, the last being on February 11, 1942. During this time he has 
i)een doing manual labor and enjoying perfect health. 

Case 2. H. R., colored female, aged 6 years, with histoty of repeated 
attacks of pain in knees, wrists, and elbows, associated with fever and 
l)ainful nodules in skin for past l-J- years. During her stay in the hospital, 
the temperature was between 99° and 10.3.2° except for an occasional 
period of 1 or 2 days. 

A diagnosis of jieriartcritis nodosa was made by biojisy of a subcutaneous 
nodule. 

She was given sulfa])yridine for 1 month during which time the average 
blood level was 9.2 mg. per 100 cc. The temperature remained relatively 
low, 99° to 100°, while sulfapyridine was administered. Because of the 
low grade fever, tlie possibility of a drug reaction presented itself and sulfa- 
pyridine was discontinued. The temperature returned to normal 19 da 3 AS 
later where it has remained for 5 weeks. Associated vdth the return of 
normal temperature, there was a disappearance of all nodules, marked 
clearing of the edema of upper eyelids, return of normal sedimentation rate, 
and a feeling of well-being. 

Comment. Case 1 is the finst case of periarteritis nodosa which was 
diagnosed antemortem at the Charity Plospital in New Orleans. 

The diagnosis was definitely established by biopsy 1 week follow- 
ing his admission to the hospital, and 2 weeks after the onset of his 
illness. 

The prompt response to. sulfapyridine therapy after other thera- 
peutic measures apparently failed, would seem to indicate that the 
drug had some specific action. Support of this view is evidenced 
by the elevation of temperature following the withdrawal of the 
drug as well as the drop in the temperature when the therapy was 
resumed. 

It is reasonable to assume that the early diagnosis which permitted 
the early institution of sulfap,yridine therap.v, accounted for the 
good response in this case. 

The infiltration of eosinophils into the acute arterial lesions is 
probably due to the local response to degenerating muscle in the 
vessel wall. There was no peripheral eosinophilia or anj' other 
evidence of an allergic state. 

Summary. 1. A case of periarteritis nodosa which was success- 
fully treated with sulfap.yridine is reported. 

2. The patient is apparently well 19 months after treatment. 

3. The institution of treatment relatively early in the disease was 
l)robably an important factor in the favorable result obtained. 
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The Pkinciples of Neueological Sueceky. By Loyal Davis, M.S., 

M.D., Ph.D., D.Sc. (Hon.). _Pp. 503; 298 illustrations and 5 colored 

plate.s. Second Edition. Philadelphia; Lea & Febieer, 1942. Price, 

S7.00. 

To have compressed the principles of neurologic surgery into less than 
500 pages and to have included in these pages the gist of all that a neuro- 
surgeon needs to know about his specialty is no mean feat in terse and 
compact writing. Other authors have covered various special subjects of 
course in greater detail, but this is the only textbook known to the Reviewer 
in which ail the problems thrown into the neurosurgeon’s lap from spina 
bifida to hypertension and from cranio-cerebral injuries to the surgery of 
pain are briefly and intelligentlj’’ discussed. The first chapter comprises a 
review of the anatomy and physiology of the nervous system; brief to be 
sure, but entirely adequate. The second chapter on cranio-cerebral injuries 
is not as satisfactory’' a discussion of an important subject as are those that 
follow’. Nothing is said of the treatment of compound fractures or of pene- 
trating w’ounds of the skull. The discussion on intracranial tumors, diag- 
nosis, classification, pathologic types, results of treatment, is excellent, 
giving the student or general practitioner all that he needs to know on these 
subjects. Brain abscess, bone infections and cysts and tumors of the skull 
are adequately considered. The surgery of the cranial neiw’es begins with 
a short but excellent account of the symptoms, diagnosis and treatment of 
major trigeminal neuralgia. Finally lesions of the last four cranial nerves 
are described. Spinal cord injuries and their treatment and the diagnosis, 
localization and management of the various types of spinal cord tumors 
comprise the next tw'o chapters. Turning from the sjpinal roots to their 
endings in the peripheral nerves, an exceUent description is pven of the 
diagnosis and treatment of injuries to these structures. This is one of the 
most satisfactory chapters in the book. From the peripheral nerves the 
logical step is a description of how to relieve the most distressing symptoms 
of irritation or compression of these structures, namely, pain. The indica- 
tions for rhizotomy, cordotomy' or section of the cem’co-thoracic or lumbar 
sjunpathetic chains are clearly described in these very' enlightening chapters. 
The next sections include a consideration of the value of surgery in the 
treatment of epilepsy, a short summary of the diagnosis and proper manage- 
ment of cervical rib, sy'ringomyelia and traumatic arterio-venous aneurysm, 
hy'drocephalus and spina bifida. The last 50 pages are given over to a dis- 
cussion of the surgical treatment of hy'pertension. An excellent short 
review’ is included of the experimental investigations upon which this 
treatment is based. 

As may be gathered from this brief review', this book touches upon all 
branches of neurosurgeiy. The author states in his preface that he makes 
no pretense at including an exhaustive treatise upon each subject considered, 
but hopes to give to the practitioner of medicine and to the medical student 
easily' assimilable facts which w'ill aid them in obtaining a more accurate 
concept of neurologic surgery' to the end that their patients will receive 
accurate and sound adrtce. 

This purpose, the Re\'iewer feels, has been adequately accomplished. 
The author has for the most part sifted his facts w'ith sound judgmpt and 
omitted much that is non-essential. His publishers have pror'ided him w'ith 
a clear, legible type and the pri^'ilege of using many' excellent illustrations. 
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Mkuical Diseases in Tropical and Sub-teopical Aebas. Reprinted 
by permission of the Controller of His Brittanic Majesty’s Stationery 
Office. First American Edition. Pp. 282; 108 figures. Brooklyn, N. Y.: 
Chemical Publishing Company, Inc., 1942. Price, .84.75. 

To quote from the preface, “This, the sixth edition of the Memoranda— 
is in no way to be regarded as a substitute for any of the excellent treatises 
on Tropical Medicine available, nor does it claim to cover the whole range 
of tropical medicine; rather it is intended as a handy manual for use in the 
field ” 

The “List of Contents” will best indicate the subjects covered— Beri- 
beri, Cerebro-spinal Fever, Cholera, Diarrhoea, Dysentery (Bacillary), Heat- 
stroke, Jaundice, Paratyphoid Fever, Plague, Relapsing Fever, including 
Tick Fever, Scurvy, Small-pox, Sprue, Trench Fever, Typhoid Fever, 
Typhus Fever, Undulant Fever, Yellow Fever. 

Each of the diseases that has been included is discussed briefly but 
adequately; etiologj'', symptoms, prognosis, diagnosis, differential diagnosis, 
prophylaxis and treatment being given. Representing, as it does,_ the work 
of many authorities and being an official publication of the British War 
Office, the book needs no further recommendation. It should be in the 
hands of every medical officer of the Army of the United States and should 
not bo neglected by physicians in civil life. H. R. 


Federation Proceedings, a Quarterl 3 ’- publication by the Federation of 

American Societies for Experimental Biology. Editorial Board, W. 0. 

Fenn, Cliairman; Philip Bard; C. G. IGng; Morton McCutcheon; C. F. 

Schmidt; and A. H. Smith; D. R. Hooker, Managing Editor— 19 W. 

Chase St., Baltimore, Md., 1942. Price, 84 (84.76 foreign). 

The first issue of this new publication in March, 1942, contained the 
complete Federation program of its 5 component Societies. It has been 
arranged that the June and September issues will contain the full text of 
20 or more papers presented at the annual meeting, and the December issue 
will contam material pertinent to the Federation membership. The publica- 
tion takes the place of the former “Federation Yearbook” which will be 
discontinued, as will the publication of abstracts of the component societies 
in their specialized journals. The new publication should prove of value to 
libraries, laboratories and individuals wishing to keep abreast of biologic 
rcsearcli in North America. It will be distributed to the 1800 Federation 
members on pajunent of their societj’- dues. E. K. 


Administrative Medicine. ILvven Emerson, A.M., M.D., Editor. 

Pp. S2G; several figures. New York and Edinburgh: Thomas Nelson 

& Sons: copyright 1937, 1940, 1941. 

This volume, containing 53 short, concise chapters written by men and 
women iiroominent in their res]>ecl.ive fields, is best described bv quoting 
the Editor: 

“With the growth of specialization in medical training, skills, and 
experience, and in jiart as a sequel of the elaboration and great expense of 
apparatus for diagnosis and treatment of disease, and still more because of 
inclusion of the application of preventive and curative medicine among the 
functions of civil government, there_ has been an increasing diversion of 
jirofcssional personnel and of collective financial resources from the indi- 
\-iduals to the organized use of medical arts and sciences over the past 
fifty 3 *cars and more. 



450 


BOOK HEVIEWS AND NOTICES 


“It may be said that almost everj-- member of an American community, 
whether urban or rural, comes into personal relation with one or many of 
the voluntary or governmental agencies of medical sendee each year 
whether he seeks personal care in sickness or receives in a direct or remote 
way some protection from the local or state department of health. 

“It is primarily to bring to physicians a more precise description of the 
functions and organization of these institutions and agencies that persons 
of experience and authority in the various special fields of administrative 
medicine have collaborated as authors for this volume. 

“In Part I is presented the development of organized care of the sick in 
its chronological sequence from its original, and still its most important, 
functioii of general hospital care of bed patients, through to the elaborate 
and socially precious symbol of public interest in securing the best services 
of the medical sciences for all who need them. 

“In Part II, the arrangement and approach are more according to the 
patterns of governmental and social structure than along the lines of 
historical development. First, the official and then the voluntary or non- 
official health sendees are dealt with, the international, national, state or 
prordneial, and local city, county, or district.” 

The volume may help “to correct a common tendency among physicians 
to concern themselves only with the medical and health needs of their 
private patients.” R. B. 


Serology in Syphilis Control. Principles of Sensithuty and Speci- 
ficity. By Reuben L. ICahn, M.D., D.Sc. Pp. 206; 31 tables, 1 chart. 

Baltimore, The Williams & Wilkins Company, 1942. Price, 83.00. 

The Reviewer has read Dr. Kahn’s book as a physician who needs a 
text in which he "would find, not which serologic test is better or jioorer 
than the other, but considerations of the jirinciples of serology; considera- 
tions which would enable them to best utilize these tests in the diagnosis 
and treatment of syqihilis and in the control of this disease.” While there 
are many features of the book which commend it to physicians interested in 
serology, unfortunately some of the important questions puzzling phj'sicips 
are left unanswered and much of the good information requires a fairly 
intense knowledge of the basis of serology for its comprehension. 

A recent analj^sis of 2000 questions that the doctor asks about syphilis 
(Stokes, Ingraham and Stannard, Ven. Dis. Inform., 21, 147, 1940) showed 
the blood serologic reaction to be the third problem in interest and that 
the doctor’s inquiries concern: 1, Fixed or irreversible po.sitive serologic 
tests. No ready reference to a discussion of this important phenomenon 
could be found beyond the possible use of the quantitative procedure in 
determining true seroresistance (p. 140). 2, General interpretative ques- 
tions. This point is covered in a general way insofar as the thesis of the 
studj' is to show how far one may depend on serologic reactions in sj'philis 
with regard to sensitivity and specificity; but there is no statement for the 
jiractitioner on the meaning of the different reactions reported by the 
laboratory. 3, Questions of laboratory procedure, relative merits of various 
tests, shortcuts, and so forth. The author in his preface feels that there is 
not as much need for a book discussing “which serologic te.st is better or 
jioorerthantheother ” asthere is forconsiderationof the principlesof serolog}'. 
4, Conflicting serologic tests and, 5, false positive serologic tests. Th^e 
points are well covered. Unfortunatety for the uninitiated the Kahn verifi- 
cation test is spoken of freety (pp. 90, 91, 92, 93, 94, 95, 96, 97), but what 
the test is and what it means is not described until p. 166. 6, Serologic 
relapse in treated cases. This problem is not dealt with. _ 7, IMien to 
take the serologic tests (relation to exposure, treatment, series for deter- 
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mination of cure and so forth). This subject is discussed along rather broad 
lines; there is no guide for the practitioner not equipped with the best sero- 
logic service such as Dr. Kahn gives his colleagues. 8, Questions on cord 
blood tests. This is only- discussed in connection with the quantitative 
procedure (p. 139). 9, Questions on provocative tests. No discussion. 
1 0, Frequency of various results, 1 1 , Number of tests necessary for various 
diagnoses. These questions are difficult for the expert and Dr. Kahn has 
handled the re.sults of various serologic conferences expertly. The practi- 
tioner still wishes to know which test shall be believed, if so many factors 
affect their outcome on identical specimens in the hands of the best serolo- 
gists. From these observations and other data from the text, one concludes 
ihat the subject is handled from the laboratory and not clinical viewpoint. 

There are a number of commendable features in Dr. Kahn’s book. The 
historical chapters (V and VI) on complement fixation and precipitation 
in syphilis are written in a fascinating style, and the chapters appended 
are of value for the industrial or public health physician. Dr. Kahn has 
clearly indicated the vast difference in a small fraction of a per cent of 
si)ecificity as contrasted with a relatively large difference in sensithdty now 
tliat large population groups are being tested for sj'philis. There are few 
errors in typography or editing. Certain ambiguous phrases like “mixed 
cases of syphilis” are confusing. _ 

On the whole this book is stimulating reading for those interested in 
serology in syphilis control. H. B. 


The Biology of the Negro. By Julian Herman Lewis, Ph.D., M.D., 
Associate Professor of Pathology, University of Chicago; Member of the 
Otho S. A. Sjwague Memorial Institute for Medical Research; Senior 
Attending Pathologist, Provident Hospital, Chicago, 111, Pp. 433; 17 
tables. Chicago: . The University of Chicago Press, 1942. Price, S5.00. 
The scope and method of approach of this pioneer and valuable study is 
well indicated in the advertisement on the cover as follows: 

“The reaction to disease is no jess a racial characteristic than is head 
form or skin color. To prove this Dr. Lewis adopts the technics of the 
anatomist, physiologist, chemist, and pathologist to discover many striking 
racially specific characteristics in the Negro’s reaction to disease. Here he 
assembles for the first time the voluminous but widely dispersed information 
on the physical and biological makeuji of Negroes— -American and African— 
and on their reaction to disease. In no other people is it possible to com- 
jiare simultaneously such a wide diversity of factors; they may be studied 
under primitive and civilized conditions, enslaved and free, comparatively 
})ure and mixed with other races. When a balance is struck between the 
assets and liabilities of the Negro in his struggle with his en^^^onment, which 
includes disease, it is found to be in his favor. This is expressed in his 
ability not only to survive but to flourish on two continents. 

“ Differentiating between biological and environmental factors in disease, 
the author cxaminc.s the greatest liabilities of the Negro— his excessive 
morbidity and mortality rates from heart disease, tuberculosis, and syphilis. 
Dr. Lewis suggests that the two last-mentioned diseases are more virulent 
in Negroes because they (f. c., the diseases) are four hundred or more vears 
younger m them than in white jicople. The Negro’s assets are his birth rate, 
his physical stamina, and his resistance to malaria, exanthemata, and certain 
surgical conditions. 

The book will be of value to anthropologists and biologists as a measure 
of the differences and similarities other than the obvious ones which may 
exist between races. It is of interest to sociologists in pointing out the 
reciprocal influence of disease and social conditions. It is important to 
doctors as a comparison of disease bcha\-ior among races.” 
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The book maintains the usual high standard of works from this press, 
both in content and format. One is surprised, however, to see on the first 
page Japanese names retained as co-publishers of a book that appears on 
May 12, 1942. E. e. 


Textbook of Medical Treatment. By Various Authors. Edited by 
D. M. Dunlop, University of Edinburgh, L. S. P. Davidson, University 
of Edinburgh, and J. W. McNee, University of Glasgow. Pp. 1179; 
26 illustrations. Second Edition. Baltimore: Williams & Wilkins 
Compan}', 1942. Price, 88,00. 

This book has been written by practicing physicians and members of the 
faculties of medicine of the Universities of Edinburgh, Glasgow and Aber- 
deen. It is strong!}' recommended to all those primarily interested in the 
fields of internal medicine and general practice. It is also an excellent 
textbook for students. It is up-to-date, clear, precise and concise yet 
detailed enough to include a thorough consideration of the treatment of 
the patient as a whole as well as that of his disease. The methods described 
by the authors are those “which from their personal experience they hai-e 
found to be most useful.” These, in general, are similar to the best accepted 
methods employed in this countiy. C. D. 


Maude Abbott, a Memoir. By H. E. MacDermot, M.D., F.R.C.P. (C.). 

Pp. 264. Frontispiece of Maude Abbott from the portrait in oils by 

Mrs. C. H. Eastlake. Toronto: The Macmillan Company of Canada, 

1941. Price, 82.50. 

No one could have had even the briefest contact with Maude Abbott 
without realizing that she was, in more ways than one, a veiy remarkable 
woman. Many of these ways are portrayed with enthusiasm, s}'mpathy 
and^"“-’ — X.,./ : , lenetrating memoir. Dr. Abbott’s nota- 
ble ' ' ■ ■ ■ . ' many— are allowed to fall naturally 

into line with her shortcomings— what human being does not have plenty?-^ 
to produce an accurate and interesting, three-dimensional idew of this 
d}Tiamic personality. The pure gold gleams in her triumphs over adversi- 
ties, her resilient but by no means uncomplaining reactions to setbacks, 
and above all in her abnegating, self-obliterating, completely unselfish, 
year-long devotion to her invalid sister. The results of her persistent, 
untiring, though often unsystematic, acthdty are best seen in her note- 
worthy contributions to the knowledge of congenital heart disease, of which 
she was internationally recognized as the leading authority of Jier genera- 
tion. This and her other scientific achievements, together with her creation 
and almost single-handed maintenance of the International Association of 
Medical Museums, and her noteworthy bibliography of the works of Sir 
William Osier, all well presented in this short memoir, are the high spots of 
her career. The chapter on Reminiscences and Anecdotes might well have 
been longer; one would like to have seen, for instance, the account of her 
first auto accident: she buys a secondhand Ford, to save time betv'een the 
Women’s Aledical College and Blockley, and undaunted by lack of operator’s 
license and knowledge of drmng— a child runs across the street— in her 
confusion she pursues it on the sidewalk and eventually runs it down— 
fortunately its injuries are trirdal and a Philadelphia friend who knows the 
magistrate saves her from a night in jail. 

Dr. Abbott was a pioneer in several of women’s actiiities in medicine, 
but she uill be chiefly remembered by her many friends for the reasons so 
well given by Dr. Matthew Stewart, of Leeds: “Kindhearted and generous 
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to a fault, she combined a quiet simplicity of mind with great intellectual 
ability and an energy and enthusiasm which were at once the admiration 
and despair of her friends. In her long and happy life she had passed 
through much tribulation — she had had ‘misfortunes great and sma’, but 
aye a heart abune with a’ ’—and the memory of her joyous, vital, enthusias- 
tic personality will ever be treasured by those of us who were privileged to 
be her friends.” K- 


NEW BOOKS 

Biological Symposia. Edited by Jacques Cattelu, Editor of The American 
Naturalist and American Men of Science. Pp. 322; many figures. 
Lancaster, Pa.: The Jaques Cattell Press, 1942. Price, S3.25. 

The Dynamic State of Body Constituents. By Rudolf Schoenheimer, Late 
Associate Professor of Biological Chemistry, Colurnbia University. 
Han’-ard University Monograph in Medicine and Public Health No. 3. 
Pp. 78; .several figures and tables. Cambridge, Mass.: Harv'ard Uni- 
versity Press, 1942. Price, $1.75. 

The Pathology of Trauma. By Alan Richards Moritz, M.D., Professor 
of Legal Medicine, Hat^^ard Medical School; Lecturer in Legal Medicine, 
Tufts College Medical School; Lecturer in Legal Medicine, Boston Uni- 
versity School of Medicine; Pathologist, Mass. State Dept, of Public 
Safety; Associate Medical Examiner of Suffolk County. Pp. 386; 117 
illustrations. Philadelphia: Lea & Febiger, 1942. Price, $6.00. 
Fundamentals of Anesthesia, An Outline. By Subcommittee on Anesthesia 
of National Research Council. Pp. 217; 72 illustrations. Chicago: 
American Medical Association Press, 1942. Price, $2.50. 

The Function of the Orgasm. By Wilhelm Reich, M.D. Translated from 
the German Manuscript by Theodore P. Wolfe, M.D. Pp. 368; 
several figures. New York: Orgone Institute Press, 1942. Price, $3.00. 

Tlio review of the first number of the International Journal of Se.\‘ Economy and 
Orf;ono-Rese.aroh, appearing in the August number of this Journal, is sufficiently 
applicable to this book not to require further notice of it in our reviewing columns. 

The Reception of William Beaumont's Discovery in Europe. Bj' George 
Rosen, M.D. Foreword by John F. Fulton, M.D. Pp. 97; frontispiece 
of William Beaumont. New York: Schuman’s, 1941. Price, $5.00. 
Plastic Surgery of the Breast and Abdominal Wall. By Max Thorek, 
M.D., LL.D., F.I.C.S., F.I.C.A. With an introduction by Rudolf 
Nissen, M.D., F.I.C.S., and a foreword by J. Eastaian Sheehan, M.D., 

F. A.C.S. Pp. 446; 458 figures. Springfield, 111.: Charles C Thomas, 
1942. Price, $16.50. 

Physical Chemistry. For Students of Biochemistr}' and Medicine. B}- 
Edward Staunton West, Ph.D., Professor of Biochemistr}^ in the Uni- 
versity of Oregon Medical School. Pp. 368; 32 tables, several figures. 
New York: The Macmillan Company, 1942. Price, $5.75. 

Nutrition and Chemical Groiiih in Childhood. Vol. I, Evaluation. By IciE 

G. Macy, Ph.D., Director of the Research Laboratoiy of the Children’s 
Fund of Michigan. Pp. 432; 66 figures. Springfield, 111.: Charles C 
Thomas, 1942. Price, $5.00. 

Occupational Tumors and Allied Diseases. By W. C. Hueper, M.D., 
Assistant Director and Principal Pathologist, Warner Institute for Thera- 
peutic Research. New York Citj*. Pp. S96; manv figures, 3975 references. 
Index. Springfield, 111.: Charles C Thomas, 1942. Price, $8.00. 
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Synopsis of Blood Diseases. Bs-- A. Pinby, M.D., M.R.C.P., Director, 
Pathological Department, Royal Cancer Hospital, London; Physician, 
St. Mary’s Hospital for Women and Children, London. Pp. 120; 4 plates, 
and several table.s. Philadelphia; The Blaki.ston Company, 1942. 
Price, .S2.75. 

Blood Grouping Technic. By Fritz Schiff, M.D., Late Chief of the 
Department of Bacteriology, Beth Israel Hospital, New York, and 
William C. Boyd, Ph.D., Associate Professor of Biochemisti^', Boston 
Universit}'. Pp. 248; man}’’ figures and tables. New York: Inter- 
science Publishers, Inc., 194^ Price, 85.00. 

Symposium on Industrial Medicine. Medical Clinics of North America, 
No. 4, Julj% 1942. Philadelphia; W. B. Saunders Companj'. Pp. 348; 
many illustrations. 

The Surgery of Pancreatic Tumors. By Alexander Brunschmug, M.S., 
M.D., F.A.C.S., Professor of Surgei^', University of Chicago. Pp. 421; 
123 figures. St. Louis; C. V. Mosby Compan}', 1942. Price, 87.50. 

Hew to Live in the Tropics. 83 ’- Virginia Hun. Pp. 178; several tables. 
New York: Harcourt, Brace & Co., 1942. Price, -82.00. 


NEW EDITIONS 

Essentials of Pathology. By La-wrence W. Smth, M.D., Professor of 
Patholog 3 ', Temple University School of Medicine; Formerly Assistant 
Professor of Patholog}', Han’ard Medical College; and Associate Professor 
of Pathologi’’, Cornell Universit}'^ School. of Medicine, and Edwin _S. 
Gault, M.D., Associate Professor of Patholog 3 ’’, Temple University 
School of Aledicine. Foreword by Lames Ewtng, M.D., Memorial 
Hospital, New York City. Pp. 960; 685 illustrations. Second edition. 
New York: D. Appleton-Century, 1942. Price, 810.00. 

Red Cross Home Nursing. B 3 ' Lona L. Trott, R.N., B.S., Assistant 
Director, Health Education, Red Cross Nursing Sendee. Pp. 431; 
many illustrations and figures. New Edition. Philadelphia, The 
Blaloston Compan 3 ’, 1942. Price, 8.75. 

Diseases and Injuries of the Larynx. B 3 ' Chevalier Jackson, M.D., 
Sc.D., LL.D., F.A.C.S., Honorar 3 ’ Professor of Broncho-esophagolog}', 
Temple Universit}', Philadelphia, and Chevalier L. Jackson, A.B., 
M.D., iSI.Sc. (Med.), F.A.C.S., Professor of Broncho-esophagolog}’’, 
Temple UnWersit}L Pp. 633; over 200 illustrations including 11 plates 
in color. Second Edition. New York: The Macmillan Compan}', 1942. 
Price, 88.00. 

Intestinal Obstruction. By Owen H. W.angensteen, B.A., M.D., Ph.D., 
Professor of Surger}’’ of the UnWersit}’’ of Minnesota and Surgeon-in- 
Chief of the Universit}’ of Minne.sota Hospital. Pp. 484; 143 figures. 
Second Edition. Springfield, 111.: Charles C Thomas, 1942. Price, 
87.00. 

Questions in Laboratory Methods. B}’ R. B. H. Gradwohl, M.D., Sc.D., 
Director, the Gradwohl School of Laboratory Technique, St. Louis, Mo. 
Pp. 71. Second Edition. Published, The Gradwohl School of Labora- 
tor}" Technique, 1942. Price, .$2.50. 

Physical Signs in Clinical Surgery. B}- Hamilton Bailey, F.R.C.S. 
(Eng.), Surgeon, RoA'al Northern Hospital, London; Surgeon and Urol- 
ogist, Essex Count}' Council; Surgeon, Italian Hospital. Pp. 330; 
455 figures, many in color. Eighth Edition, revised. Baltimore: 
Williams <fe Wilkins Company, 1942. Price, 87.00. 
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IMMUNITY TO POLIOMYELITIS. 

Heterologous Strains and Discrepant Neutralization 

Tests. 

Early iu the study of poliomyelitis, the rarity of second attacks Yvas 
attributed to immunity resulting from exposure to the virus. When 
the disease was transmitted experimentally, verification was prompt in 
the (inding that reeovered animals Yvere refractory to reinoeulation and 
in the discovery of neutralizing antibodie.s in the blood .serum of pre- 
viously infected persons and animals. Other general epidemiologic- 
features placed poliomyelitis in the group of Yvidespread immunizing 
infections of childhood, and thus implied snbclinical infections Yvith the 
virus in addition to recognized cases. 

The basic evidence for snbclinical infection lies in observations Yvhich 
indicate an unbroken gradation from frank paralytic cases, through 
milder and non-paralytic forms— frequently missed— to suspected 
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abortive infections not amenable to certain diagnosis; as well as in time 
and space relationships between recognized cases, implying intervening 
milder infections or healthy carriers; and in the occurrence of extensive 
immunity in the general population, as shovm by virus neutralization 
tests. And at the present time, the concept of widespread dissemination 
of the virus is being substantiated by new procedures for its actual 
detection, not only in recognizable cases but in suspected illnesses and 
healthy individuals as well. 

The validity of any epidemiologic inference in regard to the manner 
and extent of virus dissemination is largely dependent upon the cor- 
rectness of the idea of subelinical infection. Thus, epidemiologic con- 
siderations restricted to the point of view that the paralytic disease is 
directly and completely expressive of the distribution of the virus would 
lead to inferences very different from those derived from studies includ- 
ing subelinical infections. 

Because much of the evidence has been indirect, the epidemiologic 
concept of widespread subelinical immunization originating in older 
observations has been subjected to many checks and challenges. Dur- 
ing the earlier years of investigation, because of technical difficulties, 
few laboratories maintained strains of virus or carried out detailed 
immunity studies. Thus, no very exact knowledge existed as to the 
momentary immunity status of indi-snduals or communities. Neverthe- 
less, laboratory experience and such end-point findings as the fact that, 
in general, individuals who had passed through an attack of the disease 
possessed neutralizing substance and that the blood serum of a high 
percentage of adults in various parts of the world had neutralizing power 
gave an indication of general trends in immunity, both as a result of 
recognized disease and as an indication of subelinical infection. 

Up to this point, there had been no particular suggestion of immuno- 
logically distinct strains of %4rus. In the conduct of immunity tests, 
the only reading exacted had been whether or not a given serum neu- 
tralized “the virus” (usually an old laboratory strain). For example, 
in 1932, comparative tests on serum and virus obtained in widely 
separated localities — recent convalescent serum from Rabaul, New 
Britain, and pooled convalescent serum from Massachusetts, against 
strains of virus obtained in Australia and Vermont — revealed no 
immunologic differences (Table 1).* 


T.\ble 1. — Neutkalization of Pouomyewtis Virus Serum and 
tViDELY Separated Sources. 

Virus Fro.m 

Date inoculated . 

Recent human 
convalescent. 
Rabaul I. 

ll-lS-32 

Fooled human 
convalescent, 
Rabaul 2. 

I 1-18-32 

Pooled human 
convalescent. 
Mass. 

11-18-32 

Normal 

monkey. 

11-18-32 

.\inerican virus 
.\ycock-Vermont 

Not paralyzed 
Neutralized 

Paralysis 

11-28-32 

Not paralyzed 
Neutralized 

Paralyzed 

11-25-32 

Australian vims 
Victoria NSV 

Not paralyzed 
Neutralized 

Paralysis 

11-28-32 

Not paralyzed 
Neutralized 

Paralyzed 

11-27-32 

* These studies 

were supported by 

the Harvard Infantile Paralysis 

Commission 


and by a grant from the CommonweaUh Fund. 
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In a number of studies relating to individual cases or outbreaks, 
it has been found that patients in the earliest days of the disease may 
already neutralize virus, while others fail to do so after convalescence. 
Comparative neutralization tests were carried out by Paul and Trask^ 
on convalescent sera from paralytic cases, using a recently isolated 
human strain and a passage strain of virus. Five of the 6 sera taken 
1-2 to 10 weeks after onset neutralized the human strain; 1 failed and 
still failed to do so a year later. With the passage strain, 1| to 10 
weeks after onset, only 1 serum of the 6 tested neutralized; this 1 serum 
again neutralized a year later. Two of the sera which had failed to 
neutralize again failed a year later. 

JungebluP’ obtained neutralization in only 15 of 26 (57.6%) of 
convalescent sera tested against a passage strain of virus. Harmon 
and his co-workens’^ tested sera from 14 patients, and found that 
12 already contained neutralizing substance early after the onset of 
the disease. 

Brodie, Fischer and Stillerman® carried out neutralization tests on 
sera obtained during an outbreak in New York in 1935. Fourteen of 
82 sera (17 %) taken in the first week of the disease alreadj" neutralized 
a passage strain of virus. Of the 68 patients who failed to neutralize 
during the acute stage, 39 were retested some months later and 37 still 
failed. When tests were performed with a strain isolated during the 
outbreak, similar results were obtained. In general, patients who 
failed to neutralize the passage strain likewise failed to neutralize the 
human strain. 

Hammon and Izumi,'- using the Lansing strain and mouse neutraliza- 
tion, tested acute and convalescent sera from 23 patients with polio- 
myelitis from 3 separate outbreaks in California and Washington. 
The early blood of 11 showed no protection, and 9 of these developed 
antibodies in 16 to 29 days after onset; 2 did not change. Another 
group of 11 individuals, composed principally of non-paralytic cases, 
showed strong protection at the time of both bleedings. 

Burnet and Jackson® tested the antibody content of sera from 14 
poliomyelitis patients in the Victorian epidemic of 1937 against the 
“M. V.” Rockefeller Institute strain, and found that 5 neutralized at the 
time of acute illness. Of the remaining 9 patients, 8 still failed to 
neutralize when convalescent. Similar results were obtained when 
neutralization tests were performed on a smaller number of sera against 
a local virus. These investigators therefore concluded that “polio- 
myelitis antibody is not a result of exposure to or infection by the 
virus of epidemic poliomyelitis.” 

Such discrepant findings, even after making allowance for dis- 
cordant re.sults in about 1 test in 6, inherent in the technique of the 
neutralization test as ordinarily performed,''’"® have been enough to 
bring into question the specificity of neutralization found in individuals 
Jiot known to have passed through an attack of the disease, and indeed 
have raised the question as to whether even the frank disease is to be 
regarded as an immunizing infection. But in more recent years, a 
number of laboratories taking up the study of poliomyelitis and" empha- 
sizing virus detection have added numerous strains to the few formerly 
employed in experimentation, and comparative studies have revealed 
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the existence of immunologic differences in strains of virus which had 
not been previously suspected. 

Burnet and Macnamara^ found immunologic differences between a 
virus recently isolated from a fatal human case in Melbourne, Australia, 
and the Rockefeller Institute M. V. strain. In 3 instances, monkeys 
contracted a fatal attack of poliomyelitis following intracerebral inocu- 
lation of the M. Y. strain, despite the fact that some weeks previously 
they had sustained a typieal attack of the disease produced by the 
human strain. The reverse was also demonstrated in a single instance, 
in which a recovered monkey, partiallj'^ paralyzed by the M. Y. strain, 
was subsequently brought down with complete paralysis by inoculation 
with the local virus. Furthermore, it AS’as found in neutralization tests 
that, although pooled convalescent serum would neutralize both strains, 
a few tests with individual samples of recent convalescent sera failed 
to show this parallelism, in that only the local virus was neutralized. 

Paul and Trask^ found that the experimental disease in the monkey 
induced by 2 human strains failed to immunize against a subsequent 
reinfection bj'- the M passage strain; and the reverse also was observed. 

What with a strong preference for the parasite as a major factor in 
the genesis of epidemics — “epidemic strains,” “importation of new 
strains,” “increase in %drulence by rapid passage,” “termination of 
epidemics by exhaustion of susceptibles” — there had been a natural 
hesitancy to assume that more than one etiologic agent (immuno- 
logically different strains) might be involved in the same epidemic. 
Under the broader concept that environmental factors or host factors 
may be equally important determinants in epidemics in certain dis- 
eases, it may be seen that a number of strains of virus may be involved 
in the same outbreak, and this w'ould perhaps be especially true in 
diseases whose viruses are more or less in continuous circulation through 
latent or subclinical infections. Thus, an epidemic precipitated pri- 
marily by en\dronmental or host factors, on a background of sub- 
clinical dissemination of the virus, might contain cases due to a number 
of strains of ^drus which were in dissemination in the population at 
the time. 

Following the discovery by Smith, Andrewes and Laidlaw^® of what is 
now termed influenza A %drus, numerous workers have agreed that this 
agent was responsible for many cases of epidemic influenza. Francis® 
found an epidemic of the disease which could not be showi to have 
been caused by this virus. Subsequently, Stuart-Harris, Smith and 
Andrewes,®® as well as Rickard, Lennette and Horsfall,®^ demonstrated 
that only a certain proportion of cases studied in localized epidemics 
were due to this agent. Their report made it evident that epidemic 
influenza was not due to a single etiologic entity, and indicated 
that at least two distinct causal agents were capable of producing the 
disease. 

Lennette, Rickard, Hirst and Horsfall®* have shown that in one 
epidemic of influenza, even in a single institution, one or more of at 
least three distinct strains of influenza virus may be involved. 

Howitt*'* first called attention to antibodies to both Western equine 
and St. Louis encephalitis viruses in the blood of certain patients in 
California. iMore recently, Hammon*® and Hammon and Howitt 
pointed out that human infections apparently due to both Hruses were 
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occurring during the same epidemic, and possibly even simultaneously 
in the same individual. 

In poliomyelitis, it has been a common observation in epidemic 
years that a number of cases occur in sizable population groups in 
individuals just arrived from distant epidemic areas, and who must 
have acquired their infection in the distant areas, as judged by time 
and place relationships. In recent years, clear-cut introductions of 
virus into Boston in this manner have been seen from epidemics in 
Illinois, 1936; Toronto, Ontario, 1937; Charleston, S. C., 1939; and 
Frederickton, N. B., 1941. 

Kessel and StimperB® inoculated monkeys recovered from paralytic 
attacks of poliomyelitis induced by 6 strains of virus, with homologous 
and heterologous strains. A greater degree of immunity was observed 
to homologous than to heterologous strains. Several of the strains 
were recently isolated from cases in Los Angeles. Differences in recipro- 
cal immunity were just as great between these recently isolated strains 
as between old laboratory and recently isolated strains. 

Thus, it may now be seen that, because of the difficulty of establishing 
the epidemiologic identity of a given group of cases, or a given strain of 
virus, the divergent results in neutralization tests which have cast 
doubt on the whole phenomenon of immunity in poliomyelitis could 
i)e due to immunity tests with strains not identical with those responsi- 
ble for the cases being tested. 

Table 2.— -Normal Adult Serum — Neutralization of Different 
Strains of Virus. 


Normal scrum. 

Virus. 

Number 
of sera. 

% 

neutralized. 

ChicaKo— adults and convalesoents’^ 

PMV 

10 

100.0 

Liberia— adults'^'' 

PMV 

(pooled) 

20 

90,0 

Urban— adults and children, Boston, 
Mass.*^ .... 

Aycock 

40 

09.0 

Rural— adults and children. Capo Cod, 
Muss. 4 Vermonf^ 

Aycock 

29 

20.7 

Southern — adults, Atlanta, Ga.^' 

Aycock 

21 

S5.7 

Mothers and newborn, Massachusetts’^ 

Aycock 

24 

83.3 

Puerto Rico — adults?” 

Not stated 

S 

1 partial 
100.0 

Chicaso, rural Illinois; AVinnipog and 
VirRin Islands— adults”' 

Aycock 

10 

90 0 

Samoa — adults and children'" 

Aycock 

27 

90 3 

Fiji — adults'" 

Aycock 

25 

3 partial 
100.0 

Fiji — adults'" . , 

Australian 

0 

1 partial 
100.0 

Nashville, Tenn. — adults'' 

Not stated 

25 

1 partial 
84 0 

China — adults'’ 

Not stated 

12 

91 7 

Greenland — adults'’ 

Not stated 

3 

100 0 

Now York City — adults'’ 

Not stated 

30 

50 7 

New York City — adults" 

Not stated 

9 

GO 0 

San Francisco’' 

Aycock 

32 

50 2 

Montreal* 

Not stated 

28 

78 0 

Sevenoaks and London, Encland — conv., 
contacts and normal children' 

FI. M. 

10 

SO 0 

I' ranee” 

Vienna. 

15 

SO 7 

Bedfonl and BurlinKton, Mass. — chil- 
dren'’ . , 

1900 

Aycock 

77 

55 S 
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No large-scale comparative neutralization tests with normal adult 
serum against different strains of virus have been reported. But the 
fact that adult serum neutralizes the virus with the same high frequency 
in tests which have been performed over a period of years in many 
parts of the world, and with a number of strains of virus obtained in 
the same or in different areas can probably best be interpreted as an 
indication that immologically different strains are all in equallj^ free 
circulation, and that the end-point of immunity represented by normal 
adult serum neutralization is indicative of a very general exposure to 
the several immunologically different strains. The uniformity with which 
normal adult serum neutralizes various strains of virus is indicated in 
the tabulation of the results of a number of studies in the literature 
(Table 2). 

An ideal situation for studying the development of immunity more 
immediately folloudng infection would be afforded by an outbreak 
i)eginning after the importation of a single case into an isolated and 
previously uninfected locality. But such an opportunity is seldom 
presented to the epidemiologist. Under actual conditions, it is prac- 
tically impossible to determine whether a given case is the first occur- 
rence of the disease, or to group those cases which are etiologically 
related. Alultiple cases in families present, perhaps, the nearest ap- 
proach to a grouping of epidemiologically related cases, since they 
comprise self-contained groups from which many of the variables which 
might enter into other groups of cases can be excluded, '\^^len two or 
more cases of poliomyelitis occur in the same family simultaneously, 
many epidemiologic factors can be assumed to be the same. It is 
most likely, for example, that they are the result of e.xposure to a single 
strain of virus. 

Chapin’s classic studies of familial aggregation in measles, diphtheria 
and scarlet fever vastly elucidated the basic laws governing the dis- 
semination of these infectious agents and the development of immxmity 
following exposure to them. These \druses, under the conditions of 
e.xposure in a family, when introduced, tend to spread through the 
household — high secondary attack rate in susceptibles in measles and 
high harborage of B. diphtfwrix with or without symptoms — revealing 
spread through families with clinical or subclinical infection in the 
non-immunes. 

Studies of certain features of the distribution of multiple cases in 
families of poliomyelitis, scarlet fever and measles^ are indicative of 
equally extensive spread of all these infections among the members 
of the family and suggest that the frequency of a clinical manifestation 
is determined more by other factors than by e.xposure to the virus 
per sc. In measles, it is clear that the determinant is immunity from 
previous infection, for the occurrence of the disease is restricted to 
those whose histories indicate no previous infection, and in these non- 
immune members of the family the attack rate is high. It seems clear 
likewise that, since the average immunity level as indicated by neu- 
tralization tests in poliomyelitis corresponds to that of measles, other 
factors are major determinants of the clinical disease upon exposure in 
non-immune famil}' members. 

That family saturation, upon introduction of poliomyelitis ^’i^us, 
assumes proportions of the order of measles has recently been verified 
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by Langmuir-'’ in the detection of the virus not only in paralytic, non- 
paralytic and suspected abortive cases, but in well members of families 
as well. Thus, it becomes clear that the termination of a family out- 
break can be ascribed to “ex'haustion of susceptibles.” 

That exhaustion of susceptibles does not play the same role in termi- 
nating outbreaks in the community is suggested by the fact that it can 
be figured from the intervals between outbreaks of mea.sles in the same 
population group, and the age at which the disease occurs, that the 
average person with measles has escaped infection in at least one pre- 
vious outbreak of the disease in the community where he has lived. 
However, the diminution of the proportion of susceptibles in a popula- 
tion to a point below the threshold necessary for continued transmission 
to susceptibles must still be recognized as a factor in the termination 
of epidemics. It would be e.xpected, because of the many more inter- 
ruptions in lines of contact transmission in community outbreaks than 
in self-contained groups of individuals like families, that a considerably 
less extensive reduction in susceptibles would be equally effective in 
terminating community outbreaks. 

Aggregations of individuals in which the conditions of dissemination 
more nearly approach those of a family are seen in such institutions as 
boarding schools. 



SUSCEPTIBLES 

ilB 

117 

CASES 

1 

9 

tMMUNES 

322 

323 

ATTACK RATE 

IN SUSC. 

08 

77 


108 

27 

332 


81 

59 

359 


22 9 

13 0 

A\B 431 


250 728 


59.0 00 


BEFORE 

OUTBREAK 


AFTER 

OUTBREAK 


Chakt 1.— Institutional outbreak of measles 1934. Four waves of secondary cases, 
8 cases with complications. Showing practical exhaustion of susceptibles. 


An outbreak of measles occurred in such a school in New England 
with a student population of 400 boys 13 to IS years of age. In this 
particular year (1934), the school reopened after the Christmas vaca- 
tion on January 11, and 4 days later measles developed in one of the 
boys who returned. Nine days later, a second case occurred. Within 
S weeks of the first case, lOS (91.3%) of the 118 susceptibles had con- 
tracted measles; and of the.se, 6 developed otitis media, 1 pneumonia, 
and 1 pansinusitis. As shown in Chart 1, the outbreak comprised four 
waves of cases at intervals consistent with the incubation period of 
mea.sles. The attack rate in susceptibles increased with each succeeding 
wave in the face of decreasing numbers of susceptibles until the fourth 
wave, when the susceptibles had decreased to a relatively small number, 
and the attack rate again declined. Finally, when there were 13 cases 
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as sources of infection, but only 9 remaining susceptibles scattered in 
tbe population of 440 boys, no further case occurred. 

In a smaller boarding school, with a student population of 190 boys 
of the same ages, 62 (32.6 %) were susceptible according to their his- 
tories. On February 4, 1935, a case of measles occurred in the school. 
Within 4 weeks, 54 of the 62 susceptible individuals had contracted 
the infection, and complications had ensued in 3 of them. In this 
smaller school, the outbreak — practical e.xhaustion of susceptibles— 
took place in two discernible waves of cases at intervals corresponding 
to the incubation period of the disease (Chart 2). 



ATTACK RATE 

IN SUSC. 0.0 1.6 50.8 73.3 0.0 


BEFORE AFTER 

OUTBREAK OUTBREAK 

Chart 2. — Institutional outbreak of measles 1935. Two waves of secondary cases, 

3 cases with complications. Showing practical e.xhaustion of susceptibles. 


From the equally high attack rate in susceptibles in these school 
outbreaks, it is seen that the extent of virus dissemination is of the 
same order as in family outbreaks, but the rate of saturation is some- 
what slower. In families, the vast majority of cases subsequent to the 
primary occurrence are either co-primary or secondary, with relative!}' 
few cases which are tertiarj'. In other words, family saturation is 
prompt, accomplished for the most part by a single, practically simul- 
taneous transfer of the virus from the primary case to the remaining 
members of the family and requiring less than 3 weeks for completion. 
In the outbreak in the larger school, equally extensive saturation re- 
quired four transfers and extended over 8 weeks; while in the smaller 
school, there were only two secondary wa^'es in 4 weeks. Thus, in 
respect to rate of dissemination, the smaller school appears to lie mid- 
way between the larger school and single families. 

The sequential development of the cases in these school outbreaks 
in groups, in accordance with the incubation period wth reference to 
the initial case, is evidence that this primary occurrence represents the 
only introduction of the virus into the school population, and that 
therefore all the cases were etiologically identical. 
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Institutional outbreaks of measles, such as those just described, 
are commonplace occurrences, but institutional outbreaks of polio- 
myelitis are regarded as a rarity. Many of the older texts have pointed 
out that “the disease does not spread in institutions.” Two reasons 
for this impression are apparent. In the first place, many of the institu- 
tions furnishing outbreaks of infectious diseases of childhood, such as 
schools, are closed during the summer months, the season of prevalence 
of poliomyelitis. In the second place, the number of cases of recog- 
nizable poliomyelitis which would even be expected to occur in an 
institution under a like impact of infection as in measles, by analogy 
with the incidence of the frank disease in those infected in the general 
population, would be small. Thus, groups of cases occurring in institu- 
tions have not been classed as outbreaks. In aggregations of young 
people during the poliomyelitis season, such as summer camps, the 
occurrence of small groups— 2, 3, or 4 cases of clinical poliomyelitis— is 
not a rarity, and the same is true of schools opening before the end of 
the poliomyelitis season. Thus, when the preponderance of subclinical 
infections over clinical cases is borne in mind, it can be seen that these 
smaller groups of cases of poliomyelitis might well represent epidemio- 
logic phenomena of the same significance as institutional outbreaks of 
measles. For example, if, to illustrate the point, it can be imagined 
that ordinary measles is subclinical and only the mastoids following 
measles could be considered clinical disease, then the outbreak of measles 
in the larger school referred to in this paper might well be analogous to 
institutional outbreaks of poliomyelitis comprising small groups of 
cases of clinical disease. 

In May 193G, there occurred in the smaller of these two schools an 
outbreak of poliomyelitis. Within a period of 17 days, 6 paralytic 
cases developed. In addition, 12 non-paralytic cases were detected- 
cases with meningeal involvement and spinal fluid changes but no 
paralysis. The further extent of the distribution of the virus in the 
school population is not known. Unlike the two school outbreaks of 
measles, the poliomyelitis outbreak cannot be attributed to a recognized 
single earlier case. Actually, 5 paralytic cases and 5 non-paralytic 
cases occurred within a space of time short enough to suggest that 
they were common source infections from a single previous but un- 
recognized case in the school. No common exposure outside the school 
could be established for this group of cases. At any rate, the suggestion 
here, as in the two school outbreaks of measles, is to the effect that in 
all probability the poliomyelitis outbreak was the result of a single 
introduction of the virus into the school and that the cases in the out- 
break were etiologically identical. 

In Chart 3 are shown the distribution in point of time of the ])ara- 
lytic eases and the non-paralytic cases which came to diagnosis; in 
doited linos, the presumed initial subclinical infection; and two pre- 
sumed waves of subclinical infection at incubation period intervals. 
Although such subclinical infection was not actually established, as by 
virus detection or immunity tests done later, the probable dissemination 
of the virus in the school has been reconstructed on the basis of evidence 
indicating widcsi)read subclinical infection in the long run in the popula- 
tion in general and within a household upon introduction of the vims 
and by aiyalogy with the more apparent widespread dissemination of 
measles within households and schools. 
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Under this sort of reconstruction the distribution of recognized 
poliomyelitis, more particularly paralj-tic cases, gives the appearance of 
being the epidemiologic analogue of the complications seen in the 
measles outbreak in the school, a view not inconsistent nuth available 
knowledge in general that the virus is widespread and that the paralytic 
disease is the exceptional “complication” of virus infection. That the 
dissemination of the virus through the members of the school was 
fairly prompt and, therefore, presumably extensive is suggested by 
the fact that promptly upon the occurrence of the first cases about 
half the members of the school left for their homes, but following the 
exodus from the school the subsequent attack rates were the same in 
those who had left the school for their scattered homes as in those 
who remained at the school. 

I PARALYTIC 
□ NONPARALYTIC 
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Chakt 3. — Institutional outbreak of poliomyelitis 1936. Six paralytic and 12 non- 
paralytic cases with estimated waves of secondary subclinical infections and exhaus- 
tion of susceptibles. 


As indicated on Chart 3 in dotted lines, the reconstructed outbreak 
of dissemination of the wus begins with a presumed subclinical infec- 
tion occurring around May 7. As is generally true of outbreaks of 
poliomyelitis, no clear-cut introduction of the virus into the school 
was traced, but the following circumstances at least might be con- 
sidered as possibilities in this connection. 

In the first place, the incidence of poliomyelitis in Massachusetts in 
the month preceding the outbreak in the boarding school — the season 
of lowest ebb of the disease in this state— was relatively high as com- 
pared with the corresponding 4-week periods in other years (Table 3). 


T.\BLE 3. — POUOMYEPITIS IS M.A.BS.YCHUBETTS 


4 n teks 

No. of 

4 weeks 

No. of 

ending. 

cases. 

ending. 

cases. 

5-16-31 

2 

5-22-37 . 

1 

5-21-32 

1 

5-21-3S , . 

0 

5-20-33 

1 

5-20-39 

1 

5-19-3t . 

2 

5-18^0 . 

I 

5-18-35 

o 

5-17-41 

0 

5-10-36 

5 

5-1G-42 . . 

. . 1 
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Eleven cases were reported from widely scattered areas in the state 
in the month preceding the school outbreak and during the period of 
the outbreak. It was established that there was no direct contact 
between any of these outside cases and the cases in the school, but a 
mimber of instances of possible indirect contact between widely sepa- 
rated cases and the school were found. 

A fleliveryman making regular calls in Attleboro and Wellesley, 
where cases were reported April 14 and 28, as well as in other towns, 
also made deliveries to the sehool. 

On April 15, O. K., a 16-year old boy, left home without parental 
consent, hitch-hiked to a neighboring state and returned to his home 
by way of Boston during the week preceding the onset of his disease 
April 27, and spent whole days at the movies, in stores and restaurants 
in his home city — a few miles from the school. He spent the evening 
of April 28 (with beginning symptoms) with a close friend, B. D., who 
played in an orchestra at an amusement park a few miles from the 
school. 

On May 1, Mr. LaB., Avho owned a drugstore in the village, where 
the sehool was located and where the students gathered, visited the 
amusement park where B. D. was playing in the orchestra. Such 
circuitous lines of contact between recognized cases of poliomyelitis are 
for the most part all that can be seen in the usual investigation and 
indeed all that are to be expected considering the evident preponderance 
of subclinical over clinical infections. 

No immunity tests were carried out at the time of the school out- 
break, but 12 months later 10 tests on blood serum from 7 of the re- 
covered cases, paralj^ic and non-paralytic, against an old laboratory 
strain (Ay cock strain recovered in 1921), gave a positive neutralization 
in only 3 out of 10 tests. At this point, it might have been concluded 
with Burnet and Jackson that “poliomyelitis antibody is not a result 
of exposure to or infection by the virus of epidemic poliomyelitis.” 
But from the one fatal case in the school outbreak a strain of virus 
had been obtained and at the time neutralization tests were run against 
the old laboratory strain, tests were also carried out against the local 
strain. In all of 10 tests on 7 of the cases who had passed through the 
school outbreak — 3 paralytic and 4 non-paralytic — the virus from the 
school outbreak was neutralized (Table 4). 

Tadi.f, 4.— Neutr.amzation Tests. 


(H. 
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P 

■h 


P. 


-p 
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P 
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T. 

P 

4- 

4- 

V. H. 

NP 
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Fragments of spinal cord from the one fatal case in the school out- 
break (H strain) readily produced poliomyelitis in normal Rhesus 



rKOGUKSH OF JIEWCAL SCIE^X'E 


400 

monkeys with seriiil passage. Furthermore, tliis strain of virus pro- 
duced a second attack of paralytic poliomyelitis with additional 
paralysis in 3 monkeys recovered with residual paralysis from an 
attack of poliomyelitis induced inoculation of the Aycock strain. 
Two monkeys convalescent from attacks produced by the H strain and 
3 monkeys recovered from attacks induced by both the Aycock and the 
H strains were available for subsequent neutralization tests against 
the strain obtained in the school outbreak, the Aycock strain, the 
J strain (which had recently been obtained from a patient developing 
the disease in Boston upon arrival from Illinois in 1936), and a strain 
obtained from the late Dr. James D. Trask. 

T.^bi.e 5. — Neutralization Te.st — Conwalescent Monkey Serum (Virus H and 
A Virus) Against H, A, and Two Other Viruses. 

Virus. 


Convalescent monkey serum. 

H. 

A. 


T. 

t^irus H 1397 .... 

. + 



— 

H 1397 ... 

+ 

— 



H 1397 

+ 

— 



H 1493 . . . 
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■ + 
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+ 
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-h 

+ 

+ 

— 
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+ 

ds 

+ 

— 

A & H 1287 

:±: 
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+ 

— 

A & H 1287 . . . 


st 



A & H 1287 . . 

— 

— 




As shown in Table 5, monkeys that had recovered from the H virus 
regularly neutralized this virus and failed to neutralize the Aycock or 
the Trask (T) virus. Monkeys recovered from attacks induced by both 
the Aycock (A) and H strains neutralized both these strains of virus as 
well as the J strain. Four animals, 1 recovered from an attack from 
the H virus and 3 recovered from attacks from the H virus and the 
Aycock virus, all failed to neutralize the Trask virus. 

These cross-immunitj^ tests clearly reveal immunologic differences 
between these strains of rdrus and in turn serve to explain the failure 
of convalescent patients in the school outbreak to neutralize the old 
laboratory Aycock strain of virus. 

In summary, it may be pointed out that discrepant neutralization 
tests in poliomjmlitis (which have in the past been interpreted as indi- 
cating that on the one hand immunity, as shown by the neutralization 
test, is not indicative of protection against infection with the virus, 
and on the other hand does not follow infection with the -vnrus) appear 
to be due to the use of heterologous strains of virus. 

Where human convalescent sera from cases occurring in an outbreak 
in which the epidemiologic evidence indicated infection with a single 
strain of virus were tested against that strain, neutralizing antibody 
was regularly found; while in tests against an old laboratory strain, 
only a portion had neutralizing antibody. 

Monkeys convalescent from an attack from each of two strains of 
virus neutralized the homologous virus but not the heterologous strain. 
iMonkeys convalescent from separate attacks from the two strains of 
virus neutralized both strains. 
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Normal adult serum from many parts of the world all neutralize a 
number of strains of virus with equally high frequency. 

It is suggested that the momentary immunity status of individuals 
is represented by the presence of neutralizing antibody to strains to 
which the individual has been exposed previously; and the end-point 
of immunity (adult) by the presence of neutralizing antibody to a 
number of strains. 

It, therefore, would appear that the several strains of virus are all 
in equally free circulation and attain an equally widespread dissemina- 
tion; furthermore, there are indications that a given outbreak may not 
be caused primarily by the introduction of a single strain (from a single 
case) but may be precipitated by other factors on a background of 
subclinical carriage of a number of strains. 

W. Lloyd Aycock, M.D. 
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Editorial Note to Medical Authors: We wish to call the special attention of 
author-contributors and readers of this Journal to two of the most frequent errors 
that appear in our manuscripts. 

The first — the misuse of "milligrams per cent’’ — is well covered on Page 53 of 
the American Medical Association’s book entitled "Medical Writing”: “Results 
of chemical determinations are frequently expressed as ‘milligrams per cent’ or 
’•grams per cent.’ This means literally ‘milligrams (or grams) per hundred milli- 
grams (or grams),’ which in most instances is not the information that the author 
wishes to convey. To insure accuracy a writer should specify the unit used, such as 
‘milligrams per hundred cubic centimeters’ or ‘milligrams per 100 gm.’ If a num- 
ber of values are (sic) given close together in a section or in a short paper, it usually 
is sufficient to supply ‘per hundred cubic centimeters’ the first time the phrase 
appears and to use merely ‘milligrams’ (not ‘milligrams per cent’) thereafter.” We 
have become so weary of correcting this fault — and yet probably have overlooked it 
in many cases — that we are taking this means of trying to reduce it for the future. 
We hope that other journals, and especially the Journal of the American Medical 
Association with its large circulation, will also emphasize the point. 

W’e should like to regard the word "consider” as indicating that the item is still 
under consideration or being meditated upon, f.e., that no conclusion has been reached. 
This is usually the first meaning given by dictionaries for this word. We believe 
that, some dictionaries to the contrary notwithstanding, it is improper to use the 
word where a decision has been reached: in which case some such word as "think to 
be,” or "regard as” or "believe to be” or “hold as an opinion ” gives the more exact 
meaning. 


The Editor. 
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Since patients having abnormalities of micturition resulting from 
disease of tlie prostate are usually beyond middle life, they will 
show a rather high incidence of cardiac disability. In some instances 
the cardiac and circulatory condition is one which will permit 
surgical intervention with safety; in others the only safe procedure 
is palliation of the urinary obstruction until such time as treatment 
of the cardiac dysfunction has restored circulatory balance. 

Complete urinary retention creates a surgical emergency' and 
its relief is a matter of immediate concern. Tlie bladder must be 
drained of urine and means provided for keeping it empty. Once 
this lias been done, subsequent operation on the obstructed vesical 
outlet becomes an elective procedure which may or may not be wise. 

It is now generally agreed that patients liaving cardiac lesions 
often tolerate operation une.\pectedly well. Indeed, the condition 
of the circulatory system usually improves immediately on relief 
of the obstructed bladder. The patient past middle life is not to be 
considered a poor operative risk for surgery of the prostate merely 
because of his years. For these reasons a proper evaluation of the 
factors involved when cardiac disease and urinary obstruction of 
jirostatic origin coexist, is very important. 

In studying these problems, the following classification has been 
made largely as a matter of convenience in discussion, because the 
prohleins of diagnosis and treatment in each differ significantly. 

Group 1. Urinary retention developing during or after an 
acute cardiac crisis, 
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Group 2. Cardiac disease appearing after acute urinary reten- 
tion or efforts to relieve it. 

Group 3. Myocardial insufficiency in the presence of chronic 
urinary retention. 

Group 1. The term cardiac crisis is intended to include some 
severe cases of angina pectoris, coronary thrombosis, and acute 
cardiac decompensation. In all three conditions it is necessary to 
confine the patient to bed for some time and otherwise to curtail 
his activities to a large extent. The weakness which accompanies 
these conditions and the restriction of fluid intake regarded as 
advantageous in treatment may be contributory factors to urinary 
retention. Chronic passive congestion resulting in oliguria and local 
edema of the pelvic viscera maj’- also predispose to it. Besides this, 
urinarj" obstruction may appear as the result of vigorous diuretics, 
such as mercupurin. These maj’' cause rapid excretion of 5 or 6 
liters which makes such demands on the partially obstructed outlet 
of the bladder that complete retention supervenes. Or intravesical 
hemorrhage may occur spontaneously from the enlarged prostate 
and thus precipitate retention. Furthermore, the excessive use of 
morphia, amjd nitrite, or barbiturates tends to diminish the desire 
to urinate until a point is reached at which the detrusor becomes 
overstretched and temporarily loses adequate power to expel the 
contents of the bladder. Care must be taken to diflPerentiate oliguria 
and true vesical retention of urine in order to avoid unnecessary 
catheterization. 

The following 3 cases are discussed to illustrate the problems of 
diagnosis and treatment presented by this group of patients. 

Case 1. A merchant, aged 68, was admitted to hospital on account of 
cardiac decompensation and acute urinarj' retention. On 2 occasions during 
the preceding 18 months he had been treated for the same difficulties. He 
had been discharged from the hospital only 5 weeks earlier, after treatment 
for infarction of the myocardium, cardiac decompensation Mth pleural 
effusion, and nrinarj^ retention due to benign hyperplasia of the prostate. 
Treatment had consisted of digitalization, thoracentesis, diuresis bj' mer- 
cupurin and intermittent catheterization. After the acute cardiac insuf- 
ficienc}^ had been controlled and a satisfactory diuresis obtained, the 
patient was able to be out of bed. The blood pressure then measured 
100/70 mm. Hg. Ability to empty the bladder returned gradually. Mter 
4 weeks at home, cardiac failure recurred; and 5 days later, acute urinap’ 
retention. Constant urethral drainage at home was not tolerated, and he 
returned to the hospital. Thoracentesis was performed on the 1st, 10 th, and 
14th days in the hospital, 800 cc., 1000 cc., and 1200 cc. being removed on 
the respective occasions. IJrethral catheterization and irrigation of the 
bladder was necessary three times dailj''. Mercupurin 1 cc. was 
istered intravenousty on 3 occasions resulting in a urinarj' output of 2600 
to 4400 cc. Digitalis folia 0.1 gm. was given dailj'. After 5 da}’S, the 
patient could void spontaneous!}' but carried a residual urine of^SOO cc. 
For the first 10 days there was a daily rise in temperature to 101.5° but it 
was normal thereafter. On the 23rd day a transurethral prostatectomy was 
carried out under a low spinal anesthesia. Operation was performed with 
the patient in a semireclining position. The pulse remained at a rate of 
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80 per minute, respirations 22 per minute and the blood pressure measured 
90/70 mm. Hg throughout the procedure. . The bladder was drained by an 
inlying urethral catheter for 48 hours, after which the patient was able to 
empty it with ease. He was discharged 1 week later. At examination a 
month after discharge, there had been no recurrence of cardiac insufficiency 
or further urinary difficulty. 

Here we have an example of recurrent cardiac decompensation, 
each episode being accompanied by progressively more severe 
urinary retention. From the first it was known that he had definite 
hyperplasia of the prostate. However, surgery was unnecessary 
since micturition became normal again after regaining compensation 
sufficiently for the patient to be allowed out of bed. At the second 
episode of decompensation, however, retention lasted longer and 
was more difficult to combat. At the third, prostatectomy or pro- 
vision for permanent drainage was indicated. 

The next case represents a somewhat different and less difficult 
problem than the foregoing, but is appropriately classed in the same 
group. 

Case 2. A clergjTOan, aged 63, was admitted 2 weeks after an acute 
attack of substernal pain which had lasted for 3 days. He had been ordered 
to lied by his local physician, but in spite of this he continued to have inter- 
mittent attacks of anginal pain. Gradually difficulty in voiding began, 
ending in total retention of urine, necessitating catheterization. At the 
time of hospitalization there was no evidence of congestive failure and no 
evidence of cardiac abnormality was demonstrable by physical examina- 
tion while the patient was at rest. The pulse was regular, 80 per minute, 
and the respirator}^ rate, 20. The blood pressure was 120/80 mm. Hg. 
A diagnosis of recent anterior myocardial infarction was made by aid of 
the electrocardiogram. The bladder could be palpated at the level of the 
umbilicus. The prostate was felt to be moderately enlarged on rectal 
examination. Upon catheterization, 1500 cc. of clear urine was obtained. 
Catheterization was carried out twice daily and the bladder irrigated. 
The non-protein nitrogen of the blood measured 35 mg. %. On the fourth 
day in the hospital, intravenous urograms showed prompt excretion of the 
opaque material from each kidney; the outlines of the renal pelves were 
nopnal. The fluid intake was increased to 3000 cc. and the amount of 
urine voided increased from 500 cc. to as much as 2000 cc. in 24 hours 
with the aid of diuretics. However, even after being out of bed for a week 
there was still a residual urine of 1100 cc. on occasions. On the 8th day in 
the hospital, 3 weeks after his attack of coronar}>- occlusion, cystoscopic 
examination was performed and obstruction of the vesical outlet by an 
enlarged median lobe of the prostate and moderate lateral lobe hyperplasia 
was seen. The next day transurethral resection of the prostate was done 
under low spinal anesthesia. The blood pressure remained stable at 110/80 
mm. Hg during operation. The urethral catheter was removed on the 4th 
day after operation and the patient was able to empty his bladder completely 
thereafter. He was discharged from the hospital 1 week later, and has 
continued well 2 months after operation. 

1 his patient presents an instance of urinary retention occurring 
as a complication of coronary thrombosis without myocardial 
insufficiency of a dcpcc severe enough to cause acute passive con- 
gestion. Digitalization was not necessary. The patient was found 
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to have also vesical atonia and benign hyperplasia of the prostate, 
the combination of which was sufficient to produce total retention. 
Subsequently with improvement in his general condition he was 
able to empty his bladder incompletely and continued to have a 
large residual urine. At cystoscopic examination it was seen that 
the inability to void w^as largely due to prostatic obstruction and 
not to a paralysis of the bladder. Renal function wrs normal and 
no significant infection was present. It was not necessary to drain 
the bladder suprapubicallj’^ since catheterization was w^ell tolerated. 
As this patient did not suffer from orthopnea, perineal prostatectomy 
could have been carried out but w'as deemed unnecessary. Following 
transurethral prostatectomy 3 weeks after the coronary thrombosis 
no further urinary difficultj’’ wms experienced. 

The next case represents still another variation in clinical course, 
yet it falls into the same group as the above twm. 

Case 3. A man, aged 80, was admitted to the hospital on account of 
inability to urinate for 3 days. For 10 years he had been treated inter- 
mittently in the Out-Patient Department for hypertensive heart disease 
with auricular fibrillation. There had been repeated episodes of difficult 
micturition; and after an attack of acute urinary retention 5 years before, 
prostatectomj’’ was advised but was refused. At the present admission he 
was dj'spneic, and scattered r^les were heard at the base of the lungs. The 
heart was enlarged to the left and its action irregular. The blood pressure 
was 180/110 mm. Hg. The electrocardiogram showed auricular fibrillation 
and an abnormal ventricular complex. The bladder was palpable halfway 
to the umbilicus and at cystoscopic examination benign hj'perplasia of the 
prostate causing total retention of urine was demonstrated. Urinalysis 
showed a specific gravity of 1.030, very slight trace of albumin, and 5 to 10 
erj^throcytes in the sediment. Digitalization was instituted and the bladder 
placed on constant drainage by a urethral catheter. The latter was poorly 
tolerated and 3 da3’'s later suprapubic cj^stotomy w^as performed. Phenol- 
sulphonephthalein excretion was 45% the first hour and 15% the second 
hour. The blood urea nitrogen was measured at 31 mg. per 100 cc._ The 
specific grawtjf of the urine varied from 1.008 to 1.030. In spite of digitel- 
ization and a well-established renal equilibrium after 3 weeks in the hospital 
the cardiac condition seemed too poor to permit prostatectomy. _He vras 
discharged from the hospital to recuperate at home while suprapubic drain- 
age of the bladder was still being maintained. After 7 months at home, the 
catheter w'as removed. The urinary fistula healed quickly and normal 
micturition was resumed. There was no recurrence of urinaiy difficulty 
and he died 5 years later of bronchopneumonia. At postmortem examina- 
tion, the important findings in addition to pneumonia were coronarj' sclero- 
sis, cardiac hjqiertrophj’' and dilatation, benign hj^perplasia of the prostate 
without urinary' retention and a small papillary' carcinoma of the rectum 
without metastasis. 

This patient’s, course is described particularly to illustrate the 
value of conservative therapy when a serious contraindication to 
operation is present. The resumption of nearlj^ normal micturition 
without prostatectomj' is not rare in such cases. One must assume 
that this occurred as a result of coincident improvement of his 
cardiac condition, with relief of local edema and congestion of the 
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vesical outlet following drainage. Thus it is possible that a more 
accurate evaluation of every patient may permit avoiding operation 
for some. It is often possible to introduce the suprapubic catheter 
by the use of a trocar instead of subjecting the patient to the more 
extensive operative wound of a cystotomy.^ This is a simple, safe 
procedure in a patient having a distended bladder. After improve- 
ment has taken place following drainage, the vesicle function can 
be tested by intermittent clamping of the suprapublic tube and 
allowing the patient to attempt micturition. This method of testing 
the patient’s ability to empty the bladder is of value, particularly 
in those who are poor operative risks. 

Group 2. In this group the urinary retention precedes the 
earliest abnormal cardiac manifestation. Many of the unexpected 
cardiac complications of prostatic surgery can be anticipated and 
possibly some prevented by a more searching investigation and 
longer preoperative preparation in individual instances. It is, 
usually possible to estimate accurately the efficiency of the heart 
and its response to effort. This is of particular importance in 
elderly patients. Levine^ has pointed out that in estimating the 
risk which a given cardiac condition adds to that of the contemplated 
operation, there are two important factors to be considered. The 
first and most important is the ability of the heart to respond to 
effort. If the cardiac condition has been well compensated and the 
patient able to lead an active life, the heart has already given evi- 
dence of being able to withstand a greater load than any operation 
will demand. It must be remembered also that the peripheral 
circulation may fail with equal facility whether the heart is diseased 
or not. Thus, the history of cardiac efficiency is even more important 
than the physical examination ; whereas a history of breathlessness 
or substernal pain may designate the presence of cardiac disease 
even though physical examination is not remarkable. Such symp- 
toms are more informing than the presence of a murmur or of cardiac 
hypertrophy. 

The second inqiortant factor is the liability of the heart to the 
so-called “accidents” of heart disease. These unpredictable com- 
plications which may suddenly change the prognosis are acute 
coronary thromliosis, embolism, Adams-Stokes attacks, paroxysmal 
tachycardia, auricular fibrillation, bacterial endocarditis, and ven- 
tricular fibrillation. Fortunately, such postoperative complications 
are not common. Though it is impo.ssible to foretell events in indi- 
vidual instances, one can classify all cases into those that are more 
and those that are less likely to develop these complications. Since 
prostatectomy is never an emergency operation, in this field of 
surgery particularly, it is jmssiblc and important to delay inter- 
vention in those patients who arc more likely to develop one of the 
accidents of cardiac disease. This period of delay is not one of 
temporizing, but rather one of aetive therapy. The most important 
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feature is that of vesical drainage which permits return of maximal 
renal function, stabilization of peripheral circulation, and increase 
of cardiac efficiency. The patient’s exercise tolerance is carefully 
studied and his activities steadilj'' increased as it improves. Vital 
capacity studies are helpful in judging improvement of cardiac 
efficiency. The day-to-day chart of the pulse, respiration, blood 
pressure and fluid exchange, show at a glance the degree of improve- 
ment. 

The following case is illustrative of the important features men- 
tioned above. 

Case 4. A clerk, aged 57, had his first attack of urinarj’’ retention while 
on a long motor trip. He stopped twice a day for 3 days to be catheterized 
by physicians along the way. On the 4th day of his illness he was admitted 
to hospital. The past history revealed that he had had nocturia 2 to 3 
times each night for several years and progressive increase of urinar}'^ fre- 
quency during the past j'ear with associated loss in force and caliber of the 
urinary stream. Otherwise his general condition had been good and anj”' 
abnormal cardio-respiratorj’’ symptoms were specifically denied. The 
heart sounds were rather distant and regular at a rate of 70. The blood 
pressure was 150/80 mm. Hg. The lungs were clear. The liver was not 
palpable. The bladder was palpable at the level of the umbilicus. By 
rectal examination the prostate was found to be sjunmetrically enlarged, 
smooth and firm. At cystoscopic examination, hjqjerplasia of all lobes of 
the prostate was found causing total retention of urine. Culture of the 
urine yielded a growth of enterococci. The urine contained a shght trace 
of albumin and the sediment showed 10 leukocjdes per high-power field. 
A catheter was inserted into the distended bladder ■vda a trocar passed just 
above the pubis. The patient was kept on constant drainage for 10 days, 
being encouraged meanwhile to be active about the ward. Though the 
blood urea nitrogen was normal, the phenolsulphonephthalein excretion was 
only 10% in the first 20 minutes, and 50% in 2 hours. On the 10th day 
transurethral prostatectomy was performed under spinal anesthesia and 
the suprapubic drainage of the bladder continued as before. 

Two days after operation the patient complained of pain in the right 
side of the chest where dullness on percussion and diminished breath sounds 
were found. A few hours later he had a chill foUovnng which a transitory 
pleuritic friction rub was heard. The right side of the chest was splinted 
by strapping for relief of the pain which morphia did not control. The 
next morning there was bloody sputum, the heart was enlarged, its action 
irregular, and man}’- moist rales were heard in the lungs. A Eoentgen-ray 
film of the chest showed a pleural effusion on the right, elevation of both 
diaphragms and cardiac dilatation. Rapid digitalization was instituted. 
An electrocardiogram showed auricular fibrillation with a ventricular rate 
of 150 per minute. The patient received 1.4 gm. of digitalis folia in the next 
24 hours and the heart rate became regular at 50. Digitahs was discontinued 
after decompensation had rapidlj’- cleared, but bloody sputum persisted 
for 2 weeks. Fortunately there was no renal or local operative complica- 
tion; he was allowed up 13 days after operation and was discharged from 
the hospital 1 week later. Micturition was performed normally after re- 
moval of the suprapubic catheter on the 15th postoperative day. The 
patient was entirely well and returned to work a month later. 

This patient had as postoperative complications pulmonary embo- 
lism, paroxysmal auricular fibrillation, cardiac dilatation and decom- 
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])ensation. In reviewing his history after recovery he admitted 
having had several attacks of dyspnea, palpitation and substernal 
pain in the past. Being of an apprehensive nature he had preferred 
for the sake of his family to withliold this information. After his 
recovery, on physical examination the heart seemed quite normal 
and the electrocardiogram showed no abnormality. In retrospect 
it is only fair to say that the period of preoperative preparation 
should have been longer and the evaulation of his response to effort 
more searching. It seems that had an accurate history been given 
and digitalis used before operation, myocardial insufficiency might 
have been avoided. However, one cannot assume that this would 
have prevented the pulmonary embolus. The merits of the use of 
the suprapubic catheter are here demonstrated again in the face of 
severe circulatory complications, for any additional complications 
commonly caused by the indwelling urethral catheter might have 
been sufficient to alter the ultimate result. 

Group 3. We consider here those patients having chronic urinary 
retention due to the enlarged prostate and secondary cardiac 
dilatation ivith myocardial insufficiency. In general, it may be said 
that so far as the cardiac disease goes, the prognosis here is better 
than in those who ha^'e had previous coronarj^ disease. However, 
it is to be remembered that coronary thrombosis can occur in any- 
one liaving coronary artery sclerosis. The latter anatomic finding 
is common in the older age groups. 

The patients of this group usually have severe renal damage so 
that the prognosis depends more upon the potential renal reserve 
than on any other single factor. Here we find necessary the most 
prolonged preoperative preparation, but as a result of this prepara- 
tion, some of the most gratifying end results are obtained. It has 
been said^'^-® that all cardiacs withstand surgery surprisingly well 
except for those who have nephritis, congestive failure, or coronary 
artery disease. The patient suffering from prostatism often has 
pyelonephritis and in the presence of coincident heart disease the 
problem of treatment becomes increasingly difficult. But by proper 
preoperative care, and timing of the operation the risk is greatly 
diminished. The period of preparation if long, need not be spent 
in the hospital. It may be necessary to institute drainage for several 
months before surgical intervention is safe. One can be certain of 
the best possible prognosis for the individual patient if he with- 
holds operation a little longer than seems really necessary. The 
following case is illustrative of the proper management of the prob- 
lems presented by this group. 

Case 5. A retired business man, aged 71, was admitted to the hospital 
because of frequency, dribbling and incontinence of urine for 3 months. 

3 weeks the patient had noted progressive dyspnea, orthopnea, and 
swolhng of the feet and legs. He was found to be dehydrated and emaci- 
atoti. The tongue was coated. The heart was greatly enlarged to the left, 
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the apical impulse being in the midaxillai^”^ line in the 6th interspace. The 
blood pressure measured 170/90 mm. Hg. The breath sounds were dimin- 
ished at both bases and numerous moist rales were heard over both lower 
lobes of the lungs. A presystolic murmur wms heard at the apex. There 
■was edema of the legs extending up to the knees. The bladder was palpable 
just below the umbilicus. The prostate •vsms greatly enlarged and there 
was a hard nodule palpable in the right lobe. The patient was digitalized 
and the bladder drained by the suprapubic route. After 3 days edema of 
the legs had cleared, the apical impulse -was found in the 5th interspace just 
outside the nipple line, but the rales persisted in the lungs. The diastolic 
murmur could no longer be heard. In spite of constant drainage of the 
bladder the non-protein nitrogen of the blood rose from 62 mg. % to 94 mg. 
per 100 cc. The systolic blood pressure fell gradual^ from a level of 170 
to 130 mm. Hg and the diastolic from 90 to 60. During the next 2 months 
the patient gradually improved. The xdtal puhnonarj’’ capacity increased 
from 1700 to 3200 cc. All signs of cardiac decompensation completely 
disappeared. The non-protein nitrogen of the blood fell to a level of 40 mg. 
per 100 cc. but the phenolsulphonephthalein excretion did not exceed 35 per 
100 cc. The electrocardiogram show'ed inversion of the T -wave in all leads 
and an abnormal Lead R''. After 56 days of preparation a transurethral 
prostatectom3’’ was performed. The tissue proved to be carcinoma of the 
prostate. Seven daj's later the suprapubic catheter was removed and normal 
micturition occurred thereafter. He was discharged from the hospital a 
week later, 70 daj’^s after admission. Three months later he returned 
because of lobar pneumonia; and died "^Hthin 24 hours. Autopsj' showed 
lobar pneumonia due to B. Friedlanderi (Klebsiella pneiinioniee) invohdng the 
entire right lung, and a blood culture positive for the same organism. 
There ivas hj'-pertrophj’’ (440 gm.) and dilatation of the heart and an acute 
pericarditis. The coronarj" arteries showed only a slight degree of hj’aline 
thickening of the intima and fibrosis of the media. The carcinoma of the 
prostate had begun to invade the periprostatic tissue but there were no 
demonstrable lymph node metastases. Roentgen therapj' had caused no 
apparent inhibition of growth of neoplastic cells. The vesical orifice pre- 
sented a “cup ’’-like depression in the prostatic portion -ndth a resulting 
ample outlet. The mucosa over the prostatic urethra •nms well healed. 
There was a mild chronic cj'stitis. The kidnej^s appeared normal and 
microscopic examination showed a rather slight degree of pjmlonephritis 
(quite inactive) which in ^^ew of the past history of marked iminarj' reten- 
tion and infection as well as poor renal function, -was striking. 

Such patients ■null always require prolonged preoperative prepara- 
tion. For these the simplest immediate solution is installation of a 
suprapubic catheter. After drainage has been established there 
often follows a short period when the patient seems to be worse. 
Complete disorientation is common and the non-protein nitrogen 
of the blood increases in amount. Also during this time there is 
usually a noticeable drop in blood pressure which must be e.xplained 
b.v the sudden relief of obstruction and resumption of free excretion. 
The transitory rise in non-protein nitrogen of the blood and varj'ing 
degrees of oliguria to anuria ma,v be e.xplained on the basis of pre- 
vious dehx'dration and renal vascular engorgement caused b.v urmar.v 
obstruction. Under the conditions imposed b.v urinar.v retention, 
the kidne.v is forced to concentrate to the limits of its abilit.v con- 
stantly. Rliat happens to such a kidney when all obstruction is 
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released, depends on a reciprocal relationship with the entire cardio- 
vascular system. In the case above described there was a quick 
response of the heart to digitalis and other general measures but the 
kidneys were very slow to respond to treatment. Only after almost 
2 months of therapy was the patient considered in a condition suit- 
able for operation. From this, recovery was prompt, but 3 months 
later death occurred from pneumonia. Postmortem examination 
of the heart and kidneys showed conditions far closer to normal 
than one would have expected considering his former critical state. 

Analysis of 25 Cases of Prostatism Associated with Heart Disease. 
In order to gain a clearer conception of the indications for and 
limitations of prostatic surgery presented by patients having cardiac 
disease a study of the records of 25 such patients has been made. 
The salient features of these records is presented in Table 1. The 
only selection that has been used has been an effort to choose pri- 
marily patients wdio have been in this hospital during the last 
5 years, with the majority of whom the writer has been personally 
familiar. Ten of the patients showed clinical evidence of coronary 
sclerosis and 4 of these had coronary thrombosis. There were 15 
patients having the diagnosis of arteriosclerotic heart disease, with- 
out specific evidence of coronary thrombosis. Only 5 presented the 
anginal syndrome. There -were 7 patients having definite heart 
failure with either acute or chronic passive congestion. In 4 instances 
auricular fibrillation was present, one of these instances occurring 
in the postoperative period. ' 

There were 4 patients in the 6th decade, 7 in the 7th, 11 in the 
Sth, 2 in the 9th, and 1 in the 10th. All patients were admitted to 
the hospital while suffering from total retention of urine. 

From a study of Table 1, it is seen that 10 patients had a systolic 
blood pressure of 170 mm. Hg or more at the time of admission to 
the hospital. Five of these maintained a definite hypertension 
throughout hospital stay without any significant drop in blood 
pressure after adequate' vesical drainage had been established. 
These patients are regarded as having definite hypertension. One 
patient having arteriosclerotic heart disease and auricular fibrilla- 
tion had a pressure of 125/65 mm. Hg both before and also after 
drainage. He returned 5 years later having a pressure of 190/100 
mm. Hg. Another patient showed no diminution of hypertension 
after the bladder had been on drainage for 5 years. Such findings 
may be indicative of two things: (1) there has already been irrep- 
arable renal damage before vesical relief is obtained, and (2) a 
fairly good myocardium is present to maintain such a peripheral 
blood ])rcssure over such a period of time without heart failure. A 
significant drop in blood pressure (20 mm. Hg or more) occurred 
in 10 ])atieuts following drainage of the bladder. This fall in blood 
pressure usually begins within 24 hours after relief of urinary reten- 
tion. In those cases in which retention has been acute and of short 
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duration the change may be immediate. Usually, however, it is a 
gradual fall over a period of days varying with the condition of 
the individual patient. While the patient is going through this renal 
and cardiovascular readjustment, there may be varying degrees of 
somnolence, weakness, anorexia and even disorientation. The 
, duration of this period is inversely proportional to the efficiency of 
the myocardium and the renal function. The extent of fall in blood 
pressure is at times alarming, particularly in patients having definite 
cardiac disease. However, with proper care the pressure will usually 
rise again as myocardial efficiency increases and circulatory equilib- 
rium again becomes established. There were 10 patients having a 
systolic blood pressure of 130 mm. Hg or less who exhibited no 
change in tension throughout the hospital stay. In general we 
regard the elderly patient with a low blood pressure as having a 
poorer outlook than the individual who maintains a pressure which 
is more usual at his age. The former condition may be a sign of a 
weak myocardium, or may be due to faulty peripheral circulatory 
dynamics. 

Digitalis was administered to 18 patients and 7 did not require 
it. In spite of a recent cardiac accident, if there is no evidence of 
myocardial insufficiency digitalis is not usually employed. However, 
if there is doubt as to its necessity, the safer procedure is to give 
the drug. 

The renal function tests employed were measurement of the con- 
centrating power of the kidneys, the non-protein nitrogen of the 
blood, the fluid intake and output, and the excretion of phenol- 
sulphonephthalein and diodrast. Only one of these patients had a 
fixed low specific gravity of the urine. The non-protein nitrogen of 
the blood of 14 patients was within normal limits throughout the 
hospital stay; 11 patients had definite elevation of the non-protein 
nitrogen at admission and in 6 of these it had become normal at 
the time of discharge from the hospital. There were 5 patients 
who exhibited a continual rise of the non-protein nitrogen for several 
days after vesical drainage was established. Only one of the 25 
patients had a phenolsulphonephthalein excretion which could be 
judged as being within normal limits. Three patients had no excre- 
tion of phenolsulphonephthalein that was detectable and 7 had an 
excretion of less than 35% in 2 hours. Only 7 patients showed a 
significant increase of excretion of phenolsulphonephthalein during 
the hospital stay as evidence of improved renal function, yet 21 
patients were definitely improved as judged by the clinical condi- 
tion and by various laboratory tests. This illustrates somewhat 
the limitation of the value of the phenolsulphonephthalein test as 
a basis for clinical judgment. 

According to the classification that we have used for convenience 
in the foregoing discussion, these 25 patients are found to be dis- 
tributed in the following manner: Group 1, 12 patients; Group 2, 
4 patients; Group 3, 9 patients. 
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As to the urologic treatment of these 25 patients, 2 were treated 
■entirely by urethral drainage; cystotomy only was performed for 
3; transurethral prostatectomy was done 8 times; perineal pros- 
tatectomy 5; and suprapubic prostatectomy 7. 

The period of preparation before operation extended from 2 days 
to 1 year. Two patients, one prepared for 2 days and the other for 
3 days before transurethral resection of the prostate, both died 
within 48 hours after operation of coronary thrombosis. One patient, 
aged 79, who had perineal prostatectomy after 28 days of supra- 
pubic drainage, died 5 days after operation of renal failure owing to 
chronic pyelonephritis and nephrosclerosis. The other death occurred 
24 hours after suprapubic prostatectomy in a patient aged 76 years. 
The cause of death was coronary thrombosis. Preoperative prepara- 
tion lasted 35 days, during which time the non-protein nitrogen of 
the blood fell from 80 mg. to 32 mg. per 100 cc., but the blood 
pressure remained at 185/120 mm. Hg. Thus it is seen that even 
though a long period of preparation be carried out, one cannot always 
forestall cardiac accidents. However, such careful preparation tends 
to prevent many of them. 

A careful choice of anesthesia and anesthetist is of great impor- 
tance when the patient having heart disease must undergo a surgical 
procedure. In general, one wishes in these patients to avoid par- 
ticularly sudden and extreme changes in blood pressure. The choice 
of anesthetic is determined for the individual patient by the nature 
of the operation to be performed and by the emotional stability of 
the patient. For those who are not apprehensive, a low spinal 
anesthesia is most suitable for transurethral or perineal surgery. 
When suprapubic cystotomy is necessary, local anesthesia with 
1% procaine without adrenalin is satisfactory after analgesia by 
morphine. It has also been our experience that such patients tolerate 
exceedingly well gas-oxygen induction and. ether anesthesia. This 
form is to be preferred for the nervous patient and for those in whom 
any sudden change in blood pressure would be particularly dan- 
gerous, c. g., after a recent coronary thrombosis. 

When general anesthesia is used for a patient with heart disease, 
the time and amount of anesthesia may be greatly reduced by having 
the patient prepared and in the proper position to begin the opera- 
tion before induction is started. A quick induction with vinyl ether 
followed by ethyl ether is satisfactory under these conditions. 

In a review of the surgical risk of patients with heart disease 
Butler, Feeney and Levine- have given the surgeon reason to main- 
tain an optimistic attitude toward the results of necessary operative 
intervention. Of 500 consecutive patients who had prostatectomy 
in this hospital, there were 62 who had a history and definite signs 
of heart disease. Sixty-six operations were performed upon this 
group and there were 3 “unexiiccted’’ deaths. It was concluded 
that with careful cardiac therapy before and after operation, heart 
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disease itself was rarely a contraindication to necessary, timely 
prostectomy. 

Conclusions. 1. A careful history is most important in eliciting 
evidence of heart disease. 

2. Studies of exercise tolerance and vital eapacity are of value 
in estimating the operative risk of elderly patients. 

3. The patient who has recently been able to lead an active life 
is a good operative risk in spite of the presence of heart disease. 

4. Acute urinary retention precipitated by an acute cardiac 
crisis does not always require subsequent prostatectom3^ By careful 
judicious management it is often possible to tide such patients over 
by conservative means until cardiac decompensation has eleared 
and normal micturition been resumed. 

5. The patient who tends toward recurrent cardiac decompensa- 
tion with associated urinarj' difficulties, has progressively more 
severe urinary retention with each successive cardiac breakdown. 

6. Several weeks should elapse after a coronary accident before 
resorting to surgery. In general the prognosis is better for these 
patients who have more than 4 weeks preoperative preparation, but 
this period must be judged on the basis of the merits of the individual 
case. 

7. It is now more often a choice of the proper time to operate 
and the kind of operation to be emploj^ed rather than a decision for 
or against surgerj^, because modern methods do not impose a burden 
on even the diseased heart sufficient to upset its physiologic function 
when adequate medical care is given. 

8. After prostatectomy great improvement is manifested in the 
cardiovascular condition of the patient who has had urinary retention 
and heart disease. 

9. The operative approach and anesthesia depend on the char- 
acteristics and abilities of the patient, surgeon and anesthetist. In 
our clinic, the transurethral and perineal approaches have been 
used in recent years almost entirely, except when there is a definite 
and special indication for the suprapubic operation. The anesthesia 
of choice has been low spinal or ether. 

10. Though one cannot always anticipate cardiac accidents, much 
can be done to forestall such events. By means of careful study of 
the patients in this age group, it is at least possible to designate 
tliose who are most likely to develop a cardiac complication and to 
render to these patients especial attention regarding stabilization 
of the circulatory system. 
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THE MECHANISM OF A FORM OF GLOMERULONEPHRITIS* 
Nephrotoxic Nephritis in Rabbits 
By Calvin F. Kay, M.D. 

PHILADELPHIA, PA. 

(From tho Renal Section of the Medical Clinic of the Hospital of the University of 

Pennsylvania) 

Nephrotoxic nephritis has been produced in guinea pigs,®’“ 
dogs,^-" rats,®'^^'*'* and rabbits^’®-^-®-®-^®’'® by the injection of antirenal 
sera. The remarkable clinical, pathologic, and physiologic simi- 
larity of this experimental disease to human glomerulonephritis has 
resulted in extensive investigations. The acknowledged virtue of 
nephrotoxic nephritis as a medium for investigation has, however, 
in a measure been dulled by the apparent absence of an analogy 
between the mechanism of the experimental disease and its counter- 
part in the human. If one accepts the concept that the experi- 
mental nephritis is produced by the direct action of the antibodj'^ 
contained in the nephrotoxic serum upon antigen inherent in the 
kidney, the only possible analogy that has been drawn is that in 
both instances— human and animal— the mediating influence is an 
antigen-antibody reaction. 

That the above mechanism is not the cause of nephrotoxic nephri- 
tis in rabbits was suggested in a previous report by the author.® 
Nephrotoxic duck serum was prepared by repeated intraperitoneal 
injections of rabbit kidney tissue into ducks. The injection of this 
serum into rabbits was followed, after a latent period of from 5 to 
S days, by the onset of nephritis. It was then demonstrated that 
the onset of the nephritis occurred shortly after the time of appear- 
ance of antibodies to duck serum in the circulating blood of the 
rabbit. In rabbits injected with duck serum, either normal or 
nephrotoxic, several days or weeks prior to the injection of nephro- 
toxic serum (the latter injection being preceded by desensitization 
to avoid anaphylaxis), antibodies to duck serum reappeared rapidly, 
and the duration of the latent period was shortened. In rabbits 
exposed to Roentgen rays in adequate dosage, antibodies to duck 
serum were not formed following the injection of nephrotoxic serum, 
and nephritis failed to appear. These findings suggested the 
hypothesis illustrated in Figure 1, a concept strongly supported by 
the exqjeriments to be described, and one which lends itself to anal- 
ogy with current concepts of the probable mechanism by which 
human glomerulonephritis develops. 

This concept explains Rie latent period as the time required for 
the development of antibodies to duck serum, the shortening of 
the latent period in previously injected animals on the basis that 
the formation of antibodies is accelerated, and the failure to develop 

♦ Thc.co studios wore .-^uiiporfcd by tho GoorRO doB. Koim Memorial Fund. 
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nephritis in rabbits exposed to Roentgen ray on the basis that the 
formation of antibodies to duck serum is completely inhibited. 
Although the results of the previous experiments appeared quite 
definite, it was felt that confirmation of the suggested hypothesis 
demanded further study, especially with regard to the mechanism 
by which the exposure of the rabbits to Roentgen ray so profoundly 
influenced the subsequent effects of the injection of the nephrotoxic 
serum. 


MECHANISM OF EXPERIMENTAL NEPHRITIS 

PRODUCED IN rabbits WITH NEPHROTOXIC DUCK SERUM 



Fig. 1. — Mechanism of experimental nephritis, produced in rabbits with nephrotoxic 

duck serum. 

Methods. The same strain of rabbits (mixed Dutch and American 
Blue) was used as in previous e.xperimente. All weighed between 1700 and 
2100 gm. Nephroto.xic serum was prepared by the repeated intraperitoneal 
injection of Pekin ducks with an emulsion of rabbit kidney. Eoentgen ray 
was administered by a single 40 minute exposure of each entire animal with 
a total of 480 r.* Anti-duck-serum rabbit serum was obtained from rabbits 
which had received repeated intracutaneous injections of 0.5 cc. of normal 
duck serum at 6-day intervals. The formation of antibodies to duck serum 
and the disappearance of the injected duck serum from the circulation were 
studied bj' the precipitative methods previously described. 

Eesults. Nine rabbits were injected with various doses of three 
different lots of nephrotoxin (NTX). During the 2-day period 
preceding the injection of the nephrotoxin, designated the desensi- 

* Rabbits were treated ■with Roentgen ray under the direction of Dr. George P. 
Keefer, Fellow in Radiologj', in this hospital. 
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tiKation period, all rabbits in these experiments received multiple 
increasing small doses of normal duck serum. This was done to 
make the results of these experiments strictly comparable with those 
of the preceding study where the desensitization procedure was 
necessary to avoid anaphylactic shock in rabbits reinjected with 
either normal or nephrotoxic duck serum. 

The period of incubation before the development of the nephritis, 
as in previous observations, ranged from 5 to 8 days. There ap- 
peared to be no correlation between the size of the dose and the 
duration of the incubation period. In animals injected Avith large 
doses of NTX lot “B” or NTX lot “AB”, abundant albuminuria 
with a few casts and minimal hematuria appeared immediately after 
the injection. This “false nephritis” completely disappeared within 
48 hours. The urine then remained clear until several days later 
at the time of the true onset of the nephritis. The results of precipi- 
tative studies for the development of antibody to duck serum are 
shown in Figure 2. 

Three rabbits Avere then exposed to Boentgen ray and injected 
Avith comjiarable doses of nephrotoxic serum. As previously ob- 
served in 8 other rablhts, nephritis did not develop, and as shoAvn 
in Figure 2, no antibodies Avere formed. 

A third group of rabbits Avere exposed to Roentgen ray, injected 
Avith nephrotoxic serum, and then injected Avith pooled anti-duck 
serum rabbit serum (ADS). Red blood cells obtained from each 
rabbit to be injected Avere tested for agglutination against the serum 
to be injected. No agglutination AA'as observed. The ADS aa'rs 
administered to each rabbit as folloAA's: 0.1, 0.2, 0.5, 1, 2, 5 cc., 
rc.spectively at hourly intervals. The folloydng day an initial dose 
of 2 cc. AA'as folloAA'ed by 6 cc., then tAvo injections of 10 cc. each. 
The next day the serum AA-as given in 3 doses of 10 cc. each. In 
rabbits XA-1 and XA-2 a someAAdiat different procedure AA^as fol- 
loAved, but the principle of gradually increasing doses was likcAvise 
employed. In no instance AA\as there any evidence of anaphylaxis. 
In the case of rabbits XA-1 and XA-2, the administration of the 
.\DS Avas started on the day folloAving the injection of the NTX. 
Nephritis did not develop in these rabbits. The other 4 rabbits 
of this group Avere identically injected Avith ADS on the fifth, sixth 
and seventh day. In each instance abundant albuminuria AA'ith 
casts and minimal hematuria appeared on the eighth day and per- 
sisted until the animal Avas sacrificed 9 to 12 days later. Grossly 
the kidneys Avere SAvollcn and pale, Avith many punctate hemor- 
rhages over the cortex. The microscopic pathologic changes Avere 
indistinguishable from those obser\'ed in normal rabbits injected 
AA’ith nephrotoxic scrum, though less scA’cre. As shoAvn in Figure 2, 
changes in the circulating duck serum and antibody were quite 
similar to those AA’hich spontaneously dcA’cloped in the normal 
rabbits. 
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Two rabbits (XR-l and XE,-2) were treated in exactly the same 
manner as XA-3, 4, 5, and 6, except that normal rabbit serum 
(NES) was used instead of the ADS. Nephritis did not develop 
and precipitation curves were essentially as in the group exposed to 



represents 1 rabbit). 


Roentgen ray and injected with NTX. A “false nephritis” was 
observed in these rabbits, but was not followed by the onset of the 
true nephritis. 

A fifth group of 4 rabbits was tested in the same manner as the 
XA series e.\'cept that normal duck serum (NDS) was given in place 
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of the NTX. Although the precipitation curves resembled those of 
the XA series, nephritis did not develop. 

Table 1.— Influence of Nephrotoxic Dock Serum, Roentgen Ray Anti-duck- 
Serum Rabbit Serum, Normal Rabbit Serum, and Normal Duck Sebum, 
Administered in A’'arioub Combinations, Upon the Development of Neph- 
ritis. 

(Asterisk indicates rabbits in which a "false nephritis” appeared (see text). 
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For ndilition.ri rabbits in Series 1 and 2, similarly treated and studied, with identical results, sec Reference C. 
The author had intended to include additional animals in each of the three lower yroups. Tnis wa* prevented 
by the 3rcident.al destruction of Kmc of the necessary sera. Conclusions, however, seem valid in view of the 
complete uniformity of results in rabbits similarly treated. 
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A summary of these experiments is shown in Table 1 . It is seen 
that nephritis developed in rabbits exposed to Roentgen ray, in- 
jected wdth nephrotoxic serum, an interval allowed to elapse, and 
then injected with anti-duck serum. Nephritis did not develop 
when normal rabbit serum was substituted for anti-duck-serum rab- 
bit serum or when normal duck serum was substituted for nephro- 
toxic serum. 

Discussion. These experiments appear to complement those pre- 
viously reported in establishing the mechanism illustrated in Figure 1 
as that which is operative in the production of nephrotoxic nephritis 
in rabbits. Antibodies were passively transferred to attack an 
antigen combined in the kidney, whereas in the normal rabbit in- 
jected with nephrotoxic serum, the antibodies are formed by the 
rabbit, attacking the antigen combined in the kidney. In view of 
the demonstration® that the nephrotoxic component can be removed 
by the simple perfusion of the nephrotoxic serum through a rabbit 
kidney, it is of interest to note that the nephritis does not develop 
when the anti-duck serum injections are started 24 hours after the 
injection of the nephrotoxin. This would appear to indicate that 
the nephrotoxic component, though bound to the kidney, had not 
yet become incorporated into or combined with the kidney cells, 
and hence was destroyed by the anti-duck antibodies without renal 
damage. Analogy may be made with the many observations that 
a time interval is required between the injection of antigen and the 
injection of antibody for successful passive transfer anaphylaxis. 

The failure of nephritis to develop in rabbits exposed to Roentgen 
ray, injected with nephrotoxic serum, and then with normal rabbit 
serum appears to eliminate the possibility that Roentgen ray may 
destroy complement and thus prevent an antigen-antibody reaction. 
From the fact that nephritis was not induced hy the passive transfer 
of anti-duck antibodies in rabbits injected with normal duck serum 
it is apparent that a non-specific reverse anaphylaxis was not an 
essential factor. 

With the exception of the guinea pig, in which the response to the 
injection of nephrotoxic serum is complicated by hemolytic and ana- 
phylactic phenomena,®'” the one striking variation in the nephritic 
response of the different species of animals in which nephrotoxic 
nephritis has been studied is in the duration of the latent period 
between the time of injection and the time of onset of the nephritis. 
A latent period of at least 5 days has been uniformly observed in 
rabbits injected with nephrotoxic duct serum. A latent period of 
6 to 10 days was noted by Fouts, Corcoran, and Page® in dogs in- 
jected with nephroto.xic serum prepared in the hen. The mechanism 
demonstrated here as tlie cause of nephritis in rabbits would appear 
applicable by analogy to these dogs. The concept cannot, however, 
be applied without modification to nephritis produced in rats by 
the injection of nephroto.xic rabbit serum,®-*®'” or to the nephritis 
produced in dogs by the injection of nephroto.xic rabbit serum,** for 
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in tliesc instances renal changes appear within a few hours after the 
injeetion of the serum. In our experiments oeeasional lots of 
nephrotoxie serum were found to produee a “false nephritis” within 
a few hours after the injection— massive albuminuria with casts and 
a very few red blood cells. These urinary abnormalities completely 
disappeared, to reappear several days later with the onset of the true 
nephritis, unless the mechanism responsible for the latter were 
sujipressed by the use of Roentgen ray. This phenomenon was 
likewise observed by Fonts, Corcoran, and Page^ in dogs. Consid- 
eration must be given to the possibility that the apparent absence 
of the latent period in rats and in Pearce’s dogs was due to an im- 
perceptible blending of a “false nephritis” into the true nephritis. 
If so, urinary abnormalities should rapidly disappear in animals 
exposed to doses of Roentgen ray adequate to inhibit antibody 
formation . It may or may not be mere coincidence that nephrotoxic 
sera derived from rabbits produce an immediate response (in guinea 



Fig. 3. — Supgosted concept of tlic mechanism of human glomerulonephritis (see text). 


pigs, rats, and dogs), whereas sera derived from fowl (duck, hen) are 
associated Avith a latent period (in rabbit and dog). 

An interesting concept of an antigen-antibody mechanism as the 
cause of acute glomerulonephritis in man has been recently intro- 
duced by Schwentker and Comploier.*- They suggested that renal 
cell proteins are altered by some product of the streptococcal infec- 
tion, and that this altered renal protein constitutes a new antigen, 
introduced into the circulation as the damaged renal cells are re- 
paired. As a result, antibodies are produced which react ivith the 
altered renal proteins, and possibly also with normal renal proteins 
through an immunologic relationship to which the term hapten is 
ajiplicd. to produce nephritis (Fig. .3). 

This concept offers a more nearly satisfactory interpretation of the 
clinical characteristics peculiar to human glomerulonephritis than 
any concei>t suggested heretofore; and it is not at variance with 
known facts in any basic particular. It offers an explanation for 
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the role of streptococci, for the latent period between the infection 
and the onset of the nephritis, for the shortening of the latent period 
in exacerbations of the disease, and for the absence of bacteria in the 
nephritic kidneys. It is, however, based more upon circumstantial 
evidence and analogy than upon factual support. Kay, Lucchesi, 
and Rutherford’ were unable to demonstrate antibodies to human 
kidney antigens in the sera of a large group of patients with scarlet 
fever. The negative results obtained, while failing to give support 
to the concept, could by no means be considered a conclusive test of 
the validity of the concept for reasons discussed in their presenta- 
tion. The mechanism of nephrotoxic nephritis, here described, 
may be considered to offer some further support, by analog}^ for 
the concept of Schwentker and Comploier.’- In the rabbit, antigen 
is bound to or combined with the kidney cells because of an immuno- 
logic affinity. In man, the antigen is formed in the kidney by the 
action of some product of the streptococcal infection upon the kidney 
cells. In both animal and man, a latent period ensues for the devel- 
opment of antibodies, and in both, nephritis develops as the result 
of the reaction of these antibodies with antigen combined with or 
bound to the kidney cell proteins. 

Summary. 1. Nephritis was produced in rabbits by the injection 
of nephrotoxic duck serum. 

2. Nephritis did not develop in rabbits exposed to Roentgen ray 
before the injection of the nephrotoxic serum. 

3. Rabbits exposed to Roentgen ray and injected with nephro- 
toxic serum were made to develop nephritis by the passive transfer 
of antibodies to duck serum. 

4. These results appear to justify the conclusion that the mechan- 
ism of nephrotoxic nephritis in rabbits previously suggested by the 
author is correct (see Fig. 1). Analogy is drawn between this 
mechanism and recent concepts of the mechanism by which human 
glomerulonephritis develops. 
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NON-DIABETIC GLYCOSURIA 
A FOLLOW-UP Study with Glucose Tolerance Tests 
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of Philadelphia) 

It is the purpose of this paper to present the results of our studies 
upon selected cases with glycosuria in order to determine the prog- 
nostic significance of apparently non-diabetic glycosuria. 

It has been repeatedly stated that non-diabetic glycosuria is with- 
out serious consequences. Marble, Joslin, Dublin and Marks® state 
that “Non-diabetic glycosuria in itself has little or no adverse influ- 
ence upon longevity.” These authors point out the paramount 
importance of adequate initial study to establish the true nature of 
the glycosuria. John' is of the opinion that “There is sufficient 
evidence in the literature to support the statement that non-diabetic 
glycosuria remains so throughout the years. . . . and is not a transi- 
tory state toward diabetes.” Lawrence^ writes as follows: “If 
normoglycemic glycosuria is proved by a thorough investigation, 
such as the finding of a normal glucose tolerance test, then I think 
the whole condition can be neglected at once and forever.” In 
general, our studies tend to substantiate these statements. 

Methods. Subjects were chosen from a group of individuals who had 
submitted to glucose tolerance tests 5 to 13 years ago because of a previous 
finding of glycosuria in the course of an examination for life insurance. 
Most of the subjects selected for follow-up had clearly normogb’^cemic 
curves with glycosuria, but a few borderline glucose tolerance curves are 
included for comparison. One hundred and nine indmduals w’ere inwted 
to partieijjate but only 32 accepted. Five additional cases could be fol- 
lowed up from existing records. The majority of cases w'ere restudied 
with the conventional 1-dose, 2-hour test employing 1 dose of oO gm. of 
glucose. A few cases recorded in the latter portion of Table 1 were studied 
by the Exton-Rose, two-dose technique’ in both the original studj' and the 
follow-up or they may have received the 1-dose test in 1 instance and the 
2-dosc in another. 

Interpretation of Blood Sugar Values. Capillary blood sugar values 
are reported throughout Table 1 because these were used in all tlie 
original studies. Capillary blood sugar values may be unpredict- 
ably higher than simultaneously determined venous blood sugar 
values especially during the peak of the curve at -1- or 1 hour. This 
is true both in the conventional 1-dose technique or in the 2-dose 
Exton-IIose technique. Two hours after the ingestion of glucose 
the capillary and venous blood sugar values are often nearly the 
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same although the eapillary blood sugar may be 10 or even 20 rag. 
per 100 cc. higher than the venous blood sugar. At any rate, one 
may be sure that the capillary blood sugar will always be higher than 
the venous blood sugar except in severe diabetes with which we are 
not dealing here. In this study, venous and capillarj^ blood sugar 
^'alues were determined simultaneously in many of the follow-up 
studies; and in each of the 4 individuals (Cases 10, 18, 34 and 37) 
to be discussed later, who ultimately developed abnormal glucose 
tolerance re.sponses, the diagnosis was substantiated by the venous 
blood sugar values. 

Criteria. Based upon our previous experience with a comparison 
of capillary and venous blood sugar values^ and a consideration of 
criteria for interpretation of the two types of glucose tolerance 
techniques which we reviewed in a previous paper,® we offer the 
following criteria for the interpretation of the 1-dose, 2-hour test 
using capillary blood: For a clearly normal response, a fasting 
blood sugar of 1 20 mg. per 100 cc. or less, a l-hour value of 200 mg. 
per 100 cc. or less, and a 2-hour value of 120 mg. per 100 cc. or less. 
These criteria for capillary blood may appear to be rather severe 
when one considers the fact that capillary blood sugar values may 
be much higher than venous blood sugar during the postabsorptive 
period. However, this difference is so variable and unpredictable 
that the only safe procedure is to consider a blood sugar tolerance 
curve which exceeds the above-mentioned criteria as being poten- 
tially abnormal. 

Criteria for the 2-dose test using capillary blood are even more 
difficult to define but we have selected 180 mg. per 100 cc. or less 
for the hour value as a normal response for capillary blood providing 
the fasting sugar is also normal, the amount of rise or fall during 
the second half hour is not taken into consideration. 

Results. Of the 37 cases that were restudied after a period of 
5 to 13 years, 4 developed abnormal glucose tolerance curves. In 
1 of these (Case 18) the original study had resulted in a borderline 
blood sugar curve although a 2-hour value of 146 mg. per 100 cc. of 
capillary blood may be seen in a non-diabetic individual. In the 
other 3 (Cases 10, 34 and 37) the blood sugar figures were definitely 
within normal limits at the time of the original examination although 
1 (Case 10) had a 2-hour value at the upper limit of normal and 
another (Case 34) had a -1-hour value that was somewhat high. On 
the other hand, many of the individuals who did not develop dia- 
betes had original blood sugar curves as high or higher than those 
individuals whose blood sugar tolerance curves were abnormal on 
follow-up study. 

The percentage of sugar excreted in the urine seemed to be of no 
prognostic value, indeed, curiously enough, in the individuals we 
studied those who excreted the most sugar did not develop diabetes 
(see Table 1). 
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Discussion. As early as 1922 Holst^ found the causes of non- 
diabetic glycosuria to be an abnormally low renal threshold, high 
alimentary rise, or a combination of the two. Marble and Joslin’s® 
definition' of true renal glycosuria requires the presence of glucose 
in fasting as well as postprandial urine, an unusual condition. The 
great majority of non-diabetic glycosurias have a threshold that is 
exceeded onlj’’ after the ingestion of a moderate amount of carbohy- 
drates. None of our subjects would qualify as renal glycosuria 
according to Joslin’s definition. With regard to intermittent and 
continuous glycosuria Fischer* feels that it seems unnecessary to 
separate arbitrarily the two types of renal glycosuria for they are 
benign, frequently familial and are differentiated only by the height 
of the renal threshold for glucose. Regardless of one’s classification 
of non-diabetic glycosuria it is the consensus of opinion that the 
condition is benign. JohM in a summary of the literature has shown 
that individuals may put out large quantities of sugar for j^ears 
without detriment to themselves. Our results are in agreement 
with this finding (Table 1). Thus it is evident that the excretion 
of a large amount of sugar is not necessarily associated with an 
unfavorable prognosis. When one obtains an unequivocally normal 
blood sugar tolerance curve especially on more than one occasion 
it seems unimportant whether the individual has little or much 
glycosuria. The amount of glycosuria with normal postabsorptive 
blood sugar levels is purely and simply a function of the renal 
threshold for glucose. In discussing non-diabetic glycosuria, Mar- 
ble, Joslin, Dublin and Marks® state: “Caution must be advised 
against accepting as normal, tolerance curves w'hich either at the 
highest point or subsequent fall are on the borderline of the type 
found in mild diabetes.” We believe that the importance of this 
cannot be overemphasized and in our experience this statement is 
equally true whether there is glycosuria or the urine is sugar-free. 
Any borderline glucose tolerance curve should be rechecked by a 
repetition of the test after all the factors which may have influenced 
it have been considered and corrected. 

Of the 109 cases of glycosuria wdth normal or borderline glucose 
tolerance tests which we attempted to follow-up, 8 could not be 
contacted because of incorrect addresses, 19 did not replj" to tv'O or 
more letters, 35 either declined to have the study done or accepted 
but failed to keep their appointment for the test, of these at least 
3 are known to have developed diabetes, 10 of the individuals had 
died, but in none of these was diabetes mentioned as a contributing 
cause of death, and 37 yielded the information which is summarized 
in Table 1. All the individuals in the group studied wmre sjmiptom- 
free and considered themselves in good health, even those with 
apparent diabetes. 

An interesting question presents itself. ^^Tiy did 3 individuals 
with normal blood sugar curves out of a group of 36 cases of glyco- 
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suria develop probable diabetes? This is mueh higher than the 
average chance of developing diabetes. Several possibilities suggest 
themselves: 1, Obviously a technical error in the original study 
may have occurred in the determination of the blood sugar curve. 
2, The reason for performing the original study was the previous 
finding of glycosuria; this may have been due to a diminished ability 
to metabolize glucose. Repeated glucose tolerance curves upon the 
same individual will show considerable variation. The original 
glucose tolerance curves in our study may have been performed at a 
time when a coincidence of favorable circumstances produced a 
tolerance curve within top normal limits in a very mild diabetic 
with a lower than average renal threshold for glucose. This possi- 
bility emphasizes the need for more than one tolerance study in the 
evaluation of this type of case. 3, High peak values which some 
observers consider to be of prognostic significance may have been 
missed by taking specimens at only | and 2 hours. 4, Our study 
tends to disprove the possibility tliat the diabetic organism has more 
tendency to excrete glucose than a normal individual at a given 
blood sugar level. In fact, this possibility seems very unlikely since 
both mild diabetics with only moderately elevated blood sugar levels 
and severe diabetics with high blood sugar levels may fail to excrete 
glucose due to a high renal threshold for glucose. 

Whatever the reason, it seems to be a fact that when conclusions 
are drawn from a single glucose tolerance test, an individual with 
apparently non-diabetic glycosuria is more likely to develop diabetes 
than a normal individual. This has also been the experience of 
Marble et al.^ 

Summary. 1. In a group of 37 individuals with apparently non- 
diabetic glycosuria, based upon one glucose tolerance curve obtained 
5 to 13 years ago a greater number developed diabetes than can be 
accounted for on the basis of chance. 

2. The amount of glucose in the urine was, in itself, of no prog- 
nostic significance. 

3. If glycosuria is proven by tliorough study and continued 
observation to be truly non-diabetic, it appears to be without detri- 
ment to health. 

Wo wish to acknowIcdRc the technical assistance of Harr>’ L. Fies. 
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A QUANTITATIVE STUDY OF THE VARIATIONS IN MULTIPLE 
STERNAL MARROW SAMPLES TAKEN SIMULTANEOUSLY 

By Carl Reich, M.D. 

ASSOCIATE IN MEDICINE, LENOX HILL HOSPITAL; HEMATOLOGIST, HOSPITAL FOR JOINT 
diseases; ASSOCIATE VISITING PHYSICIAN, CITY HOSPITAL, WELFARE ISLAND 

AND 

Elizabeth M. Kolb, A,B. 

NEW YORK, N. Y. 

The early investigators^'^-’ of sternal puncture regarded the pro- 
cedure as a qualitative one. Bone marrow smears were examined 
for cellular content just as the pathologist examines any other 
aspirated fluid. During the years that followed, sternal puneture 
became increasingly popular, and a large literature' on the subject 
arose. Many modifications of technique were suggested, as is 
usuall3'^ the case with a new procedure. Quantitative determim- 
tions’-^'® of the different marrow constituents were emphasized 
with increasing frequency, until the marrow is now studied with the 
same care and precision as the peripheral blood. Certain workers' 
have gone so far as to de^mlop fixed ratios between the various tj-pes 
of marrow cells, and to attempt to draw conclusions from varia- 
tions in these ratios. These studies would correspond to the 
Arneth and Schilling indices for the peripheral blood. Unfortu- 
natelj’’, the material aspirated b}'^ sternal puncture is not like the 
blood, and cannot be studied with the same degree of accuraey. 
The peripheral blood is homogeneous throughout the bodj', and it 
is to be expected that a quantitative determination made from any 
accessible region would be accurate. That this is the case is shown 
bj^ the fact that multiple samples taken simultaneously from 
different places check verj- closelj' when studied quantitatively". 

In marrow studies we find certain inherent fundamental dis- 
crepancies which make accurate quantitative determinations im- 
possible. The interior of the sternum is composed of spongj" bone, 
in the interstices of which, the marrow" cells are held as a loose 
tissue. The peripheral blood circulates freelj" throughout the in- 
terior of the sternum in channels called sinuses. The cellular 
structure of the marrow is not uniform, since it is composed of 
different groups of cells, namel.v, granulocj'tes, erythroid cells and 
megakaryocytes. These cells are arranged in clusters of a similar 
type. When a needle is forced into the marrow cavity, admission 
is made possible by the penetration of the cortical bone and break- 
ing down of some bone spicules. The puncture site is open to 
variation, as is also the depth to which the needle is inserted. The 
degree of suction employed cannot, of necessity, always be the 
same, and the amount of peripheral blood aspirated is very often 
dependent on conditions within the sternum. The existence of 
these factors makes it obvious that the aspirated material could 
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not be homogeneous like the peripheral blood. It seems permissible 
to make qualitative studies on this material just as with tissue, and, 
to some degree, rough quantitative determinations as previously 
pointed out.* In order to substantiate this contention, the follow- 
ing experiment was devised and carried out. 

Method. A series of 26 patients was selected for study. From each of 
these 4 samples of marrow were taken. This was accomplished as follows: 
2 sternal punctures were done at the same time on each patient, 1 imme- 
diately following the other. One puncture was made in the second inter- 
space, the other in the third. From each puncture 2 separate marrow 
samples were aspirated and labeled la, Ib, Ila and Ilb. Each sample 
consisted of 2.5 cc. of fluid which was placed in a tube containing 0.5 cc. 
of 1.4% sodium oxalate solution evaporated to drjmess, to prevent coagu- 
lation. Direct smears on slides were also made from each sample at this 
time. Total nucleated cell counts were done on each sample, and the slides 
were stained with Jenner-Giemsa stain, after which differential counts of 
500 cells were done. The counts were all done by one of us (C. E,.). A 
total white count of the peripheral blood was also done in each case. These 
data were then tabulated and subjected to statistical analysis.* The tables 
follow (pp. 498-501). 

Discussion. Table 2 shows for several groups of diseases the mean 
and standard deviation for the total nucleated white cell count 
and number of polys. Except for diseases of the blood-forming 
organs, the number of observations in each group was small, and 
the average of the samples obviously has little meaning except for 
a study of the variability. The highest mean and standard devia- 
tion for the total white count was observed among diseases of the 
nervous system which included 2 cases with relatively' high counts, 
and 1 case with low counts. The highest and most variable average 
number of polys was observed in the largest group, i. c., among 
diseases of the blood-forming organs. 

Since an inspection of the individual counts seemed to indicate 
that there was often as great a variation between cases of the same 
grou)), the statistical comparisons were made of the standard devia- 
tions from the mean of the 2 samples and 4 samples from the same 
case. Table 3 shows the standard deviation from the mean white 
cell count for the two counts from the same sample (pairs) com- 
jiarcd with the standard deviation from the mean of four counts 
from 2 samples taken simultaneously (quartettes). For diseases of 
the blood-forming organs the standard deviations for the pairs of 
counts is 9583=^011 cells and for the four counts ]1,619± 740 cells 
with a difference only twice its probable error or 2035=^960. The 
standanl deviation from the mean of all the counts from the same 
group as shown in Table 3 was 25.426=^1620 cells which differed 
from the standard deviation from the mean of four counts from the 
same ease by 13,807=1=1782 cells or a difference which is nearly 

* The mithor.< wish to thank Dr. W. F. Dunninp and Dr. M, R. Curtis of the 
Crocker Institute, Coluniliia University, for their help in nnalyziiiR the data and 
interpretiiiK the results. 
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8 times its probable error. For each group the deviations were 
greater from the mean of four counts than of two counts but in no 
case was the difference statistically significant. 

Table 2. — The Mean and Standard Variations op the Total Nucleated 


Cell Count anp 

Number of PoLy.s 

IN Several 

Groups of 

Diseases 



Mean nucleated 


Mean numl^cr 



No. of 

white cell 

Standard 

of mature 


Group 

samples 

count *P.K 

dc%iation*P.E. 

polys*P.E. 

.S.D.*P.E. 

Blood-forming organs 

oG 

G2.5SS±2292 

25,426*1620 

22,443*1595 

17,690*1128 

Locomotor system 

8 

46,523*5713 

23,956*4039 

13.238*1571 

6,588*1111 

Nervous system 

12 

65,600=^8571 

44.020*6061 

18,553*2495 

12.812*1764 

Infectious diseases 

IG 

63,688 *3331 

19,756*2356 

15,812* 085 

4,065* 485 

Miscellaneous 

12 

33,508*2392 

12,287*1692 

14,840* 905 

4,650* 640 

Total . 

104 

58.513 *2891 

43,571*2038 

19,388*1095 

16,560* 774 


Table 3. — The Standard Deviations Fro.m the Mean White Cell Count of 
2 AND 4 Samples From the Same P.atibnt 


Total white cells 



.S.D.*P.E. 

S.D.*P.E. 



Group 

(pairs) 

(quartettes) 

Difference*P.E. 

Diffcrence/P.E. diff. 

Blood-forming organs 

. . 9,583* 011 

11,619* 740 

-2035* 060 

2.1 

Locomotor system 

. 11.281*1902 

18,703 * 3153 

-7422 * 3683 

2.0 

Nervous system 

22.533*3102 

23.503*3236 

- 970 * 4 483 

0 2 

Infectious diseases 

14,146*1687 

15,957*1903 

-1811*2542 

0,7 

Miscellaneous 

3,533* 480 

6,458* 880 

-2024*1013 

2 9 

Total 

12,250* 573 

14,399* 673 

-2140* 884 

2 4 

'able 4, — The Standard Deviations From the Mean Number of Polys in 

2 

and 4 Samples From the Same Patient 



No. of pol>'s. 




S,D.*P.E. 

S.D.*P.E, 



Group 

(pairs) 

(quartettes) 

Difference*P.E. 

Difference/P.E. diff. 

Blood-forming organs 

4570*201 

6206*401 

-1726* 405 

3 5 

Locomotor sj-stem 

3487*588 

4942*833 

-1456*1020 

1.4 

Ncia'Ous sj’stem . 

5152 * 709 

7085 *976 

-1934*1206 

1 0 

Infectious diseases 

2975*355 

3229*385 

- 254* 524 

0 5 

Miscellaneous 

1490*205 

2406 *331 

- 916* 390 

2 4 

Tola! .... 

4107*192 

5594 *262 

-1487* 325 

4 0 


Similar deviations for the mean number of polys are given in 
Table 4 and here, although the variation was less, the indications 
are not as clear. For the diseases of the blood-forming organs the 
standard deviation from the mean of two counts from the same 
sample was 4570 ±291 polys and for four counts from 2 samples 
(5290 ±401 polys, with a difference of —172(5 ±495 which is 3.5 times 
the probable error and probably not significant. However, for the 
total 104 counts the standard deviations from the mean of the two 
counts from the same sample was 4107 ±192 and from the mean of 
the four counts 5594 ±2(52 and in this case the difference 1487 ±325 
is 4.(5 times the probable error or almost certainly significant. In 
other words, series of four counts from 2 samples taken simulta- 
neously from the same patient may be significantly more variable 
than two counts from 1 sample in the number of observed polys. 
Since the number of polys is a factor in the total count and although 
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two counts from a single sample tend to be more alike than four 
counts from 2 samples taken simultaneously, sufficient variation 
was observed in the four counts to lessen considerably the depend- 
ence which could be placed on a single quantitative estimate of the 
number of cells in a single sample. These findings would indicate, 
therefore, that the validity of quantitative marrow determinations 
is very questionable. Consequently, it seems inadvisable to con- 
tinue the use of detailed quantitative data or indices in conjunction 
with sternal marrow findings. 

While demonstrating the fallacies associated with the existent 
quantitative marrow methods, it is certainly not our intention to 
belittle, or detract from the importance of sternal puncture or the 
vital role it plays in the establishment of hematologic diagnoses. 
However, the marrow should be studied just as the pathologist 
studies a tissue. To facilitate this, the material aspirated by sternal 
puncture should be centrifuged, and smears made of the buffy coat. 
Thus a tissue-like preparation is produced which can be studied 
just like a thin section. 

The cellularity of the marroAV call be estimated roughly by doing 
a total nucleated count on the aspirated marrow mixture or by 
examining the thickness of the bufty coat on the centrifuged speci- 
men. Occasionally doubtful cases arise in which a topographic 
study of the marrow is necessary to supplement the information 
derived from sternal puncture. Then a small button of bone can be 
removed from the sternum by trephine® and from this thin sections 
may be cut. Since this is an actual piece of tissue, quantitative 
studies of cell types as well as bone marrow histology are permis- 
sible. This procedure is much more formidable, liowever, than 
sternal puncture, and in mo.st cases qualitative studies as outlined 
above arc adequate. The qualitative study of sternal marrow as 
advocated here naturally precludes laboratory technicians doing 
anything but the preparation and staining of the smears, and the total 
cell counts. Examination of the stained marrow preparations 
requires the attention of an experienced hematologist, whose judg- 
ment must naturally be tempered by a thorough clinical examina- 
tion of the patient. 

Conclusions. — 1 . A quantitative study of a series of multiple 
sternal marrow samjilcs was undertaken. 

2. Statistical analysis indicates that quantitative determinations 
on as])irated marrow sanqilcs are inaccurate. 

3. Qualitative marrow studies are invaluable in e.stabli.shing 
hematologic diagno.ses. 
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THE SURVIVAL AFTER TRANSFUSION OF HUMAN ERYTHRO- 
CYTES THAT HAVE BEEN STORED IN 
CITRATE-GLUCOSE 

By William P. Belk, M.D., F.A.C.P. 

DIRECTOR OF LABORATORIES 
AND 

Florence Rosenstein, B.S., M.T. (A.S.C.P.) 

THE EPISCOPAL HOSPITAL, PHILADELPHIA, PA. 

In previous reports ve described our observations on the keeping 
qualities of citrated human blood stored at 4° to 6° C.,- the survival 
after transfusion of red cells so stored,® and the keeping qualities of 
citrated human blood to which glucose has been added.'* The 
present report,* the fourth and last of the series, describes the 
survival, after transfusion, of red blood cells preserved with the aid 
of glucose. 

Method. Blood was collected in 20% dihydric sodium citrate to make 
a final concentration of 0.4%, and glucose, 5.4% in water, was added in 
quantity equal to half the volume of blood. Flasks were kept undisturbed 
at 4° to 6° C. The life span of the erjd;hrocji;es after entering the recipi- 
ents’ circulation was determined bj"- a modification of Ashby’s method of 
non-agglutinable cell counts, as in our pre4’ious study. 

Chart 1 shows the individual survival curves of 12 bloods. The 
numbers at the end of the curves indicate the days each blood was 
stored prior to use. The amount of the transfusions was 500 cc. 
(glucose not counted) with 2 exceptions of 750 cc. and 1000 cc. 

In Chart 2 the data of the present study and that of the former 
study on the survival of red cells of citrated blood (containing no 
glucose) have been combined for the sake of contrast. Citrated cells 
are represented by the block at the left of the graph, the cells pre- 
served by glucose the block on the right. The chart is constructed 
by plotting for each blood the number of storage days against the 
days of cell survival in the recipient. This chart shows that erythro- 
cytes preserved with the aid of glucose remained useful to the re- 
cipient after a much larger storage period than cells simply citrated. 
In other words, cells stored in glucose for about 14 days survived 

* The authors offer apologies for not presenting a greater number of obseiwations. 
Such data arc difficult to collect, and recent loss of personnel has made it impossible 
to carrj" the study further. The data, however, are adequate to demonstrate the 
prolonged survival of red blood cells preserved unth glucose. 




Chart 1.— Erytlirocytc survival after transfusion of blood stored in citrate-glueoso. 



Chart 2.— Hclation between storage time and survival of erj-throeytes after 
transfusion. The observations on the left of the chart refer to citrated blood, those 
on the right of the chart to blood stored in citrate-ghicose. 
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in the patient as long as citrated cells which had been stored for 
only 3 or 4 days. Moreover, glucose treated cells stored as long as 
26 days had still not reached the “foreign body state” characteristic 
of citrated cells after 7 or 8 days of storage. 

An observation of importance is that red cells preserved with 
glucose did not survive in the recipient as long as was expected from 
in vitro studies. In our third paper glucose treated cells were shown 
to keep for about 4 weeks before beginning to hemolyze. The graph 
shows, however, that the erythrocytes of blood kept 13 to 18 days 
survived definitely less well than those of fresh blood in the studies 
of Ashbyi and of Wearn® who recorded an aveiage life span of 
81 days. The fourteenth day of storage, therefore, represents the 
age of demonstrable deterioration, comparable to the 3 to 4 day age 
of citrated blood. In no instance, however, was harmless hemolysis 
with jaundice noted as it was after some transfusions with citrated 
blood. This justifies our practice of discarding blood after two 
weeks of storage. Had our observations included blood stored for a 
period briefer than two weeks, in all probability longer survival 
spans would have been noted. In our own bank, which supplies 
50 transfusions a month, the average age of blood when used is 

6 days. Consequently we feel assured that the average sur\-ival 
time of red blood cells preserved with glucose under conditions 
comparable to those in our institution is better than 50 days. 

General Summary. Summarizing this entire study, it may be 
said that chilled citrated human blood undergoes a rapid deteriora- 
tion in all its cellular and in some of its plasma components. When 
such blood is administered to patients the red cells survive as long 
as those of fresh blood provided that storage has been no longer 
than 2 or 3 days. With each additional day of storage, however, 
they become progressively less useful to the patient, and after 

7 days of storage are apparently treated by the human organism 
as foreign bodies and are eliminated in 24 to 48 hours. The addition 
of glucose to citrated blood enhauces its keeping properties about 
four times, as shown by both in vitro and in vivo studies. The 
erythrocytes of blood to which glucose has been added will, after 
storage of about 14 days, be detectable in the recipient’s blood 
stream (where they presumably function) for about 50 days. This 
survival is comparable to that of citrated cells stored for 3 or 4 days. 
It is not, however, as long as the survival of fresh unstored cells. 
The clotting properties of stored bjood diminish with such rapidity 
that it seems wise to use only fresh Iilood in the transfusion of those 
with hemorrhagic diathesis. In the treatment of sepsis a storage 
limit of 5 days is advisable.® 

It seems possible tliat the preoccupation of the medical profession 
at the pre.sent time with banks, both of whole blood and of plasma, 
has led us to forget that fresh whole blood is easily obtainable, and 
that it has distinct advantages over any substitute. The blood 
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bank, in fact, necessitates some compromises with the very best 
technique of lilood transfusion. These compromises are: the use 
of tlie universal donor for many patients, a practice which has 
resulted fatally in a small per cent of cases; the use (usually) of non- 
fasting donors, a practice of considerable danger to food allergic 
recipients; the filtering of blood, usually through gauze which im- 
parts lint; and the use of blood which has undergone at least some 
deterioration in cells and in components of the plasma. We realize, 
of course, that the bank offers certain advantages to be set off against 
these objections, namely, the greater rapidity with which blood may 
be supplied in emergencies; the performance of tests for syphilis by 
skilled rather than by unskilled workers; and the avoidance of the 
confusion and inconvenience incident to the selecting of individual 
donors of fresh blood. On the whole, in routine practice in larger 
hospitals where blood is not stored too long, the blood bank would 
seem to offer more advantages than disadvantages to the average 
patient. Recourse, however, to fresh whole unfiltered blood of 
liomologous type from fasting donors should still be practised in 
selected cases. 
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BLOOD CLOT EETRACTION 

n. The Significance of the Extracorpuscular Volume 
OF THE Clot and its Clinical Application* 

By S. P. Lucia, M.D. 

ASSOCIATE PROFESSOR OF MEDICINE 

P. M. Aggeler, M.D. 

INSTRUCTOR IN PREVENTIVE MEDICINE 
AND 

L. n. Hamlin, M.A. 

ASSOCIATE IN PUBLIC HEALTH, 

BERKELEY, CALIF. 

(From the Departments of Medicine and Preventive Medicine, and the Department 
of Hypiene, University of California) 

1 HE enicicncy of blood clot retraction may be measured in terms 
of the extracorpuscular volume of the clot.' ' This is defined as the 
volume of the clot exclusive of its contained packed cells expressed 
as a percentage of the total volume of the specimen studied. 

* Aided by .T Kraut from the Christine Broon Fund and bv a prant from Mr Frank 
KoniuHiy. 



508 


LUCLV, AGGELER, HAMLIN: BLOOD CLOT RETRACTION 


Method. The upper end of a copper Mire about 1 mm. in diameter is 
attached to a cork. The free end of the we is bent in the shape of a hook. 
An arbitrarj' amount of venous blood, usuallj"^ 5 cc., is carefully transferred 
to a graduated centrifuge tube and the cork and wire are fitted so that the 
hook is immersed in the upper layers of the specimen. After-coagulation 
of the blood has occurred, the tube is placed in a water-bath (37° C.) for 
1 hour. It is then taken from the bath and the total volume of the speci- 
men is recorded. The clot is elevated, allowed to drain, and then removed. 
The clot volume is measured by subtracting the residual volume of serum 
from the total volume of the specimen. To obtain the volume % of the 
blood clot, the obsencd volume of the clot is divided bj-^ the total volume 
of the specimen and the quotient is multiplied by 100. The packed cell 
volume including all cellular elements is obtained bj' centrifugalization of 
the blood at 3000 r.p.m. for 30 minutes. The difference between the total 
packed cell volume in % and the clot volume in % is a measure of the 
extracorpuscular volume of the chi. 

The authors^ found that in 100 normal subjects the extracorpuscu- 
lar mean volume measured 9.1% and the standard deviation of the 
sample was 7.5%; in 42 subjects who had prothrombin concentra- 
tions of 50% or less, the mean value was 18.2%, and the standard 
deviation was 12.4%; and in 35 subjects who had platelet counts of 
200,000 or less the mean value was 38.9% and the standard devia- 
tion was 14.1%. The normal value was arbitrarily considered to 
fall within two standard deviations of the mean (—5.9% to 24.1%). 
Using this criterion, blood clot retraction was diminished in 13 of 
the 42 patients who had hj^oprothrombinemia and in 30 of the 
35 patients who had thrombocjdopenia. In some patients with 
hj'poprothrombinemia or thrombocj’topenia, the blood clot may 
retract normally, and conversely deficient clot retraction may be 
observed in some patients whose platelet counts and prothrombin 
concentrations are normal. Furthermore, deficient clot retraction 
may be found in patients who do not have abnormal bleeding, while 
normally retracting clots are frequently seen in those who suffer 
from marked bleeding tendencies. 

The measurement of blood clot retraction alone does not give 
sufficient information regarding the hemostatic equilibrium to per- 
mit any final conclusions concerning the tendency to bleed. The 
interpretation of the clinical significance of deficient clot retraction 
can be made only in the light of other hemostatic tests. Normal 
values for these tests are given in Table 1. 

The following cases demonstrate the application of blood clot 
retraction measurements when considered in relation to other hemo- 
static tests in the study of the problem of abnormal bleeding. 
Cases 1 to 4 illustrate the frequent association of hypoprothrombin- 
emia and thrombocytopenia with deficient blood clot retraction. 
Cases 5 and 6 demonstrate some aspects of the problem presented 
by the finding of deficient clot retraction in patients with normal 
prothrombin concentrations and normal platelet counts. Although 
a careful study of each patient was undertaken, only the pertinent 
data of each case is here recorded. 
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Table 1.— The Normal Values fob Hemostatic Tests 


Test 

Mean 

2 standard 
deviations 
(<^x) 

Range 

Bleeding time (Ivy) in minutes 

3.2 

1.4 

0.4 to 6.0 

Coagulation time (modified Lee 
and White) in minutes . 

8.8 

2.7 

3.4 to 14.2 

Platelet count (Rees and Ec- 
ker) per c.mm 

422,000 

87,000 

248,000 to 596,000 

Extraeorpuscular volume of 
clot, % 

9.1 

7.5 

(-)5.9 to 24.1 

Prothrombin concentration 
(Quick) in % .... 



70 to 100 

Capillary permeability (Dall- 
dorf), number of petechia; 
with 200 mm. Hg vacuum 
pressure 



Oto 10 


The standard statistical method was used in setting up the limits of normality 
for the bleeding time, coagulation time, cxtracorpuscular volume of the clot and 
platelet count. One hundred normal subjects ■were studied. The limits of signifi- 
cance of the data were arbitrarily set at two standard deviations from the mean, 
which includes appro.vimatcly 90% of the observations. The mean is taken at the 
point of reference. All measures which were calculated were at least 3 times their 
sampling errors. The limits of normality for the prothrombin concentration and 
capillary permeability were arbitrarily set by direct observation. The range of the 
prothrombin concentration was from 65% to 100%; 98% of the observations fell 
lietween 70% and 100%. The range of the capillary permeability was from 0 to 
over 30 petechial. There were not more than 10 petechial in 88% of the observations. 

Case 1. Y. S. White tvoman, aged 19. Diagnosis: idiopathic throm- 
bocytopenic purpura. 

Clinical Sxmmanj, The patient had suffered from menorrhagia from the 
time of menarche (aged 13) until her 17th j’^ear of age. She had had recur- 
rent ecchymoses since her first menstrual period. The occurrence of fre- 
quent epistaxis during the past 2 years had recently been controlled by a 
submucous resection. She had suffered from symptoms of hj^iothyroidism 
for the past year. The spleen was not palpable. B.M.R. was —11%. 
Plasma cholesterol 123 mg.%. Plasma cevitamic acid 1.71 mg.%. The 
results of the hemostatic tests were as follows: 


Dale 

Bleed 

time 

(min.) 

Co.'ig. 

time 

(min.) 

Ikotlir, 

eoneentr. 

(%) 

Extracorp. 
vol. of 
clot 

Cc) 

riatclct 

count 

(thous. 

per 

c.mm.) 

Capil. 

permeability 

(petechia;) 

Remarks 

n/i.s/.io 

>30 

0 

75 

to 

75 

Shower 

ThjToid, 1 gr. daily. Hypothy- 

10/ 0/30 

>,30 

SI 

00 

52 

95 

Shower 

roidism corrected, but ecchy- 

10/20/30 

>30 

o; 

100 

50 

60 

Shower 

moses continue. Moccasin 

10/31/30 

>30 

0 

75 

53 

70 

Shower 

snake venom therapy from 

11/ .3/30 

>30 

S 

So 

60 

95 

Shower . 

10/31/39 to 7/26/40 without 

12/ tr30 

>30 

7 

To 

60 

100 

Shower 

significant effect. Ecebj-mo- 

3/ O/tO 

>30 

III 

100 

43 

no 

2S 

ses continue. 

3(21/41 

>30 

lU 

100 

4t 

no 

Shower 



The results of the hemostatic tests performed on this patient illustrate 
the characteristic findings associated with thromboc 3 -topenia. The bleeding 
time was prolonged, the coagulation tune and prothrombin concentration 
were nonnal, the caiullarj' permeability and the cxtracorpuscular volume % 
of the clot wore markedl.v increased. 

Case 2, L. D. W hite girl, aged 12. Diagnosis: dj'sovarian purpura. 

Chiucal Sinninarii. The patient had experienced the onset of petechia; 
and purpuric macuhe •} daj's before hospitalization. The spleen was not 
lialpablo. 
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Date 

Bleed 

time 

(min.) 

Coag. 

time 

(min.) 

Extracorp. 
Prothr. vol of 
concentr. clot 

(ro) (%) 

Platelet 

count 

(thous. 

per 

Capil. 

permeability 

(petechia?) 

Remarks 

1/ S/41 

>30 

, 10 

so 

31 

70 

6 

Body covered with petechia and 

2/24/41 

7 

7 

90 

12 

450 

No 

purpuric macula. 

All petechia and purpuric spots 

3/20/41 

3| 

10 

95 

IS 

400 

2 

disappeared with 1st men- 
strual period 2 weeks after 
first ob^r\'ation. 

No further bleeding. 


The results of the hemostatic tests demonstrate a diminution in the bleed- 
ing time and in the extracorpuscular volume of the clot coinciding with 
recoverj’’ from p.p; 

Case 3. i\'I. i'. Wiuie aged 55. Diagnosis: portal cirrhosis of 
the liver. 

Clinical Summary. Two months before our observation the patient 
noted the onset of ascites, slight jaundice, fatigue and loss of weight. He 
had also had frequent severe epistaxis for a period of 2 weeks. The liver 
was enlarged 4 cm. below the right costal margin. The spleen was not 
palpable. The rose bengal test showed marked impairment of biliarj" 
excretory function (8 minutes 100%, 16 minutes 90%). Serum proteins; 
total 8%, albumin 1.46%, globulin 6.54%. Plasma cevitamic acid, 1.4 mg . %. 
Plasma fibrinogen 0.22%. 

Platelet 
Extracorp. count 

Bleed Coag. Prothr. vo!. of (thous. Capi!, 

time time concentr. clot per permeability 

Date fmicL) (min.) (%) c.mm.) {petechia) Remarks 

3/26/40 41 6 30 34 360 No Recurrent epistaxis. 

4/ 1/40 6 Si 30 40 180 No 5 mg. 5-ainino-2-methyl naph- 

tbol RCI intravenously. 

4/ 2/40 5} 7} 30 4S 270 No Condition unchanged. 

4/ 3/40 5 8 30 53 210 No Epista.xi5 continues. 

The results of the hemostatic tests in this case demonstrate the association 
of impaired clot retraction with hypoprothrombinemia in a patient suffering 
from advanced cirrhosis of the liver. The administration of -vutamin K 
failed to alter either the hypoprothrombinemia or the extracorpuscular 
volume of the clot. 

Case 4. IM. M. Vinfite woman, aged 65. Diagnosis: cholangeitis with 
partial obstructive jaundice, multiple pj'ogenic abscesses of the liver. 

Clinical Sitmmanj. During the 3 weeks preceding our obsen^ation the 
patient had suffered from right upper abdominal pain, slight jaundice, inter- 
mittent fe\'er, dark colored urine and light colored stools. For 1 day she 
had had recurrent profuse epistaxis, which could not be controlled by 
repeated nasal packs. Icterus index 75. Plasma fibrinogen 0.87%. 

• Platelet 

Etiracorp. count 



Bleed 

Coag. 

Prothr. 

vol. of 

(thous. 

Capil. 



time 

time 

concentr. 

clot 

per 

permeability 


Dale 

(min.) 

(min.) 

(^c) 

(''a 

c.mm.) 

(petechia?) 

Remarks 

0 A.M. 








3, '3/40 


- IS 

3 

.35 

3S0 

No 

Profa.«e epistaxis. Given 5 me. 






4-amino-2-mcthyI naphtho! 
hydrochloride I.V. 



5 P.U. 

3/ 3/40 

1 

G 

SO 

2S 


No 

Epistaxis stopped and na«at 







packs were removed 1 hour 
after vitamin K. 


0 A.M. 

3/ 4 '40 

I 

4^ 

75 

IS 


No 

No further epbtaxis. Died 1 


hour bter. 
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The results of the hemostatic tests in this case demonstrate improvement 
in clot retraction coinciding with a remarkable elevation of the prothrombin 
concentration following the administration of vitamin K. 

Case 5. A. M. White woman, aged 19. Diagnosis: thrombocyto- 
penic purpura. 

Clinical Snmnumj. The patient was first .seen on Januarj-- 25, 1939, with 
comiilaints of marked gingival bleeding, epistaxis, ecchymotic areas on the 
buccal muco.sa and pharynx, purpuric spots in the conjunctiva?, petechial 
hemorrhages scattered over the body and splinter hemorrhages under the 
nails of the fingers and toes of 1 months’ duration. The spleen was palpable 
2 finger breadths below the left costal margin. Bleeding time (Duke), 
greater than 20 minutes. Platelet count (Rees and Ecker) 80,000 per 
c.mm. Capillary permeability (Dalldorf) markedly increased. Plasma 
vitamin C 0.48 mg.%. During 1 week of ho.spitalization, she was started 
on a course of moccasin venom therapy, her .symptoms gradually abated, 
and her siileen became impalpable. The platelet count varied between 
80,000 and 120,000 per c.mm. She remained almost asymptomatic for 
10 days, then suffered a recurrence of purpuric manifestations, including 
menorrliagia. At this time her iilatelet count was 80,000. During the 
following 3 weeks she was given Roentgen therapy to tlie spleen (total of 
1200 r to each of 3 areas), all of her purpuric symptoms disappeared and 
her platelet count rose to 300,000 per c.mm. She had no symptoms of 
purpura for the next 6 months. In September and October, 1939, she 
noted on several occasions, small areas of petechial hemorrhages, and during 
these months her platelet count varied between 180,000 and 260,000 per 
c.mm. Since that time she has been entirely free of purpura and her plate- 
let counts have varied between 290,000 and 400,000 per c.mm. 

Unfortunately blood clot retraction measurements were not done until 
the jiatient was recalled specifically for this purpose in September, 1941. 
The results of the hemostatic tests were as follows: 

Proihrombin Extracorpuscular Platelet count Capillar}’ 
Blecdinc Coasnilntion concentration vol. of clot (tlious. per permeability 

Date time (min.) time (min.) (%) (%} c.mm.) (petechia!) 

9/17/11 4 7 70 29 320 No 

9/27/41 3 95 70 34 3C0 No 

Because of the jircvious thrombocytopenia, it might be assumed that the 
deficient clot retraction observed in the blood of this patient was due to a 
defective clot retractive function of the platelets, since poor clot retraction 
jiersists despite an elevation of the platelet count to normal numbers. The 
assumption of “thrombasthenia" in this iiatient is strengthened by the 
recent occurrence of thrombocytopenia in her sister, who has suffered' from 
petechial hemorrhages, ecchymoses, gingival bleeding, and menorrhagia for 
the past five months. In the latter, the bleeding time has varied between 
14. 1 and over 30 minutes, the coagulation time between 8 and 12^ minutes, the 
prothrombin concentration between 05 7o and 1007 c, the extracorpuscular 
volume of the clot between 16% and 497c., and the platelet count between 
80,000 and 190,000 per c.mm. The capillary permeabilitv has been in- 
creased on all occasions. 

Ca.se (i. J. F. Male, aged 29. Diagnosis: atvpical thromboevtopenic 
inirpura. 

Clinical Summari/. The patient had bruised easilv and had suffered from 
freciucnt epista.vis since childhood. For the past ‘vear the epi.staxes had 
increased in frequency, frc.di blood had been noted in the stool on main- 
occasions, and there had been recurrent showers of large petechial hemor- 
rhages over Ins lower extremities. Epistaxis had been intractible for the 
past month. An indolent ulcer had been present over his left tibia for the 
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past 10 years. Nine years previously, after the third of a series of salvarsan 
injections, which had been given in an attempt to heal the ulcer, he had 
developed toxic hepatitis, which had persisted for 4 months. The family 
history was negative except that the father had had frequent epistaxis. 
On entry to the hospital the patient was found to have generalized purpura, 
most marked on the lower extremities. There were many bleeding points 
on Kiesselbach’s area in the right nostril. The oral and pharyngeal mucous 
membranes were spotted with many small hemorrhages. Prolapsed bleed- 
ing hemorrhoids were present. The sjileen was palpable 2 fingerbreadths 
below the left costal margin on deep inspiration. There rvere many red 
blood corpuscles in the urine. Plasma fibrinogen 1.17%. Serum calcium 
9.8 mg.%. 



Fig. 1.— The appearance of the blood clot in a normal subject. Prothrombin 
concentration 100%. Platelet count 4S0.000 per c.mm. Serum volume 43%. Clot 
volume 57%. Packed cell volume 39. Extracorpuscular volume of clot 18%. 
While this clot is within normal limits for a patient with this packed coll volume, it 
would bo quite abnormal if the packed cell volume were 10 as in Figure 2. In that 
case the extracorpuscular volume of the clot would be 41%. 

While in the hospital, the patient bled into the right maxillary sinus, 
into the tis.sues of the neck, and under the right parietal pleura. He died 
on Januaiy 8, 1942, and at autopsy there was found bilateral cavernous sinus 
thrombosis and subarachnoid hemorrhages.* 

* Further details regarding the coagulation defect and autopsy findings in this 
patient will be published at a later date. 
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The results of the hemostatic tests were as follows: 

Protbrombin Extracorpuscular Platelet count Capillary 



Bleeding 

Coagulation 

concentration 

vol. of clot 

(thous. per 

permeability 

Date 

time (min.) 

time (min.) 

(%) 

(%) 

c.mm.) 

(petechia:) 

12/ 5/41 

>30 

24 

75 

51 

70 

Shower 

12/24/41 

101 

42 

40 

44 

ICO 

2 

12/30/41* 

>30 

105 

45 

43 

230 

4 

1/ 2/42 

>30 

175 

70 

43 

250 

Xo 

1/ 0/42 

>30 

130 

80 

44 

ISO 

10 


* 2 mg. SynUamin (4-amino-2-mcthyl-napbthol) were given daily by the intravenous route. f 



Fig. 2.— Normal clot retraction in a patient witli pernicious anemia. Prothrombin 
concentration 05%. Platelet count lOO.OOO per c.mm. Serum volume S0%. Clot 
volume 20%. Packed cell volume 10. Extracorpuscular volume of clot 4%. 


Between December 9 and December 20, 1941, the patient was given 
Roentgen therapy to the spleen (a total of 1200 r to each of 2 areas). Dur- 
ing the following 3 weeks daily platelet counts varied between 120,000 and 
250,000. Despite the elevation of the jilatelet count to the lower limits of 
normal, the degree of clot retraction remained unchanged and the coagula- 
tion time continued to be markedly iirolonged. It was observed on the 
blood smear that the platelets were large, darkly staining and did not 
contain any granules. 

Regardless of their numbers, the platelets in this patient were deficient 
both in their clot retractive function and in their ability to supplv thrombo- 
plastin for the processes of coagulation of the blood. 

t Kindly funiii^hcd by P.urkc, Davis* Company, Detroit, Midi. 
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Discussion. The blood dot is made up of cells, a fibrin mesliwork 
and serum. The extracorpuscular volume of the dot is composed 
chiefly of serum occluded within the dot. The packed cell volume 
must be known in order to calculate the extracorpuscular volume 
of the dot. The appearance of normal dot retraction in a subject 
whose packed cell volume was 39 is shown in Figure 1, and of normal 
clot retraction in a patient ivhose packed cell volume was 16 in 



Flo. 3.— The appearance of the blood clot in a patient with obstructive jaundice. 
A, With l^Tioprothroinbincmia — prothrombin concentration 10%. Serum volume 
35%. Clot volume G5%. Packed cell volume 14. Extracorpuscular volume of 
clot 51%. B, The clot of the same patient after correction of hypoprotbrombinemia 
followint; the administration of vitamin K. Prothrombin concentration 90%. 
Serum volume 72%. Clot volume 2S%. Packed cell volume 13. Extracorpuscular 
volume of clot 15%. 

Figure 2. ^^^ule dot retraction in both of these patients was within 
normal limits for the respective packed cell volumes, it should be 
noted that had the volume of tiie dot in the second patient been the 
same as tliat observed in the first, the extracorpuscular volume 
would have been 41% rather than 4% and decidedly pathological. 
The appearance of deficient clot retraction in a patient with hypo- 
prothrombinemia due to obstructive jaundice before the adminis- 
tration of vitamin K is shown in Figure 3,4, and of normal dot 
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retraction in the same patient after its administration in Figure SB. 
Markedly deficient retraction of the clot of a patient with thrombo- 
cytopenia is shown in Figure 4. 

In addition to the volume of the packed cells and the quantity 
and quality of the prothrombin and platelets, it is conceivable that 
clot retraction may be influenced either by fibrinogenopenia, an 
extremely rare condition, or by the inability of the formed fibrin 



I'u:. 4. — Tho appearance of the blood clot in a patient rsath thrombocytopenia 
(aplastic anemia). Prothrombin concentration C0%. Platelet count 70^000 per 
e.niin. Serum volume 2-1%. Clot volume TG%. Packed cell volume 20. Extra- 
corjmscular volume of clot 50%. 


to behave in the normal manner. The latter condition might be 
called “fibrinasthenia. ' However, there would be no way to prove 
the existence of such a disorder. In addition, it has been shown 
that blood clot retraction may be profoundly influenced in riirn by 
the addition of various amino acids.- Hence, there may be meta- 
bolic defects re.sulting in excc.sses in the blood stream of substances 
which i^romote or inhibit clot retraction. It may be that deficient 
clot retraction is due in some instances to what has been termed 
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“thrombasthenia” (Glanzmann), a condition in which the platelets 
although present in normal numbers are said to be deficient in their 
clot retracting ability. It would be difficult to prove or disprove 
the existence of such a condition. Some information could perhaps 
be obtained by in vitro experiments with isolated platelets. Cer- 
tainly it must be conceded that the finding of deficient blood clot 
retraction in the presence of a normal platelet count does not prove 
the existence of “thrombasthenia.” We have made some clinical 
observations (see Cases 5 and 6) in which one might infer that in 
certain instances the platelets, although present in normal numbers, 
may be the cause of deficient blood clot retraction. 

Summary. An accurate measurement of the degree of blood clot 
retraction is desirable in the study of patients suffering from hemor- 
rhagic disorders. Diminished clot retraction is often seen in con- 
junction with hj^poprothrombinemia and is frequently observed in 
patients with thrombocytopenia. It may be present when neither 
of these conditions obtains. One cannot assume under the latter 
circumstances that “thrombasthenia” is present, as other condi- 
tions, including fibrinogenopenia, “ fibrinasthenia ” or the presence 
of circulating clot retraction-inhibiting substances, may likewise be 
responsible for diminished clot retraction. There is some clinical 
evidence to support the hypothesis that under eertain circumstances 
one may be justified in assuming that a condition of “thromb- 
asthenia ” may exist. 

We take this opportunity to thank the staff members of the Division of Pediatrics, 
University of California Medical School for permission to report the data on Case 2. 
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CALCAREOUS AORTIC STENOSIS IN A CASE OF DEXTROCARDIA 
WITH SITUS INVERSUS 

' By Gordon A. Abbott, M.D. 

AND 

Henry I. Russek, M.D. 

CARDIOLOGY SERVICE, U. S. MARINE HOSPITAL, STATEN ISLAND, N. Y. 

Transposition of tlie viscera is an uncommon condition. Le- 
Wald^ recorded its elinical incidence as 1 in 35,000 physical examina- 
tions of recruits for the U. S. Army. Considerably more infrequent, 
however, is the association of congenital dextrocardia with acquired 
lesions of the cardiovascular system. 

In 1911 Owen® reported a case of situs inversus in which mitral 
stenosis involved the transposed heart. Willius® in 1931 described 



ABBOTT, RUSSEK; DEXTROCARDIA WITH SITUS INVERSUS 517 


dextrocardia with situs inversus complicated by hj^pertensive heart 
disease. The electrocardiogram in the latter case showed changes 
indicative of strain of the left ventricle. _ In 1938 Crawford and 
Warren' reported dextrocardia with situs inversus associated with 
coronary thrombosis. Electrocardiographic studies revealed an 
infarct in the posterior wall of the left ventriele. In the same year 
Manchester and White^ recorded transposition of the viscera com- 
plicated by hypertensive and coronary heart disease. The electro- 
cardiogram showed changes compatible with myocardial disease. 
More recently, King- has described the association of situs inversus 
with syphilitic aortitis and aortic insufficiency. 

The purpose of this paper is to present a case of congenital dextro- 
cardia complicated by calcareous aortic stenosis which, as far as can 
be ascertained, has not been previously recorded. 



Fid. 1. — A, Routine Leads I, II, III, IV; B, with electrodes reversed in the limb leads 

to correct for the dextrocardia. 


Case Report. G. J., a 43-j'ear-old Swedish merchant seaman, was 
admitted to the hospital on September 15, 1941, because of nocturnal 
dyspnea and cough of 1 week’s duration. He had been well until 3 weeks 
prior to entry when he experienced marked dyspnea on exertion and aching 
pain in the right mammary region. Edema of the ankles became evident 
shortly after the onset of symptoms. From the age of 15 he engaged in 
laborious occupations without limitation of activities. He stated that he 
had had a serious lung or heart ailment in 1907 and gonorrheal urethritis 
in 193S. There was no history of syphilis or rheumatic fever. 

Examination revealed a well-nourished and well-developed adult white 
male who was dysimcic, orthoimeic and cyanotic. There was a linear birth- 
m.ark in the midline of the forehead. The veins in the neck were prominent 
and pulsating. Temperature was 99.4“ F, pulse 9G. respirations 30. The 
radial pulses wore of small volume, equal and regular. The blood pressure 
was 1 10, S5. The apex impulse of the heart was felt in the si.xth richt inter- 
costal space in the anterior axillary line. There was a marked .svstdlic thrill 




518 ABBOTT, russek: dextrocardia with situs inversus 



Fig. 3. — RocntKcnojjrain. lateral view, showiiiK calcification in the aortic valve. 
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in the second and third intercostal spaces to the left of the sternum. A loud 
harsh systolic murmur was heard with maximal intensit}'^ in this area and 
to a lesser degree over the entire precordium and neck vessels. The aortic 
second .sound was absent and replaced by a short faint diastolic murmur. 
Tliere was dullness at both lung bases posteriorly, with moist rales through- 
out the lower lobes. The liver was situated on the left side, its border being 
))alpa] 3 le 3 fingerbreadths below the costal margin. The spleen was not felt. 
There was marked edema of the lower extremities. 

The blood Wassermann and Kahn reactions were negative. ■ 



Fig. 4.— Dextrocardin with situs inversus. 


Electrocardiogram (Fig. lA) shows nonnal rhythm with a ventricular 
rate of 90; P and QRS waves inverted in Lead I; T waves upright in all 
leads and slight elevation of the S-T segment in Lead I; P-R inteiwal 
0.15 sec., QRS interval .07 sec.; marked right axis deviation. 

A roentgenogram of the chest reve.a!s tlie maximum heart measurements 
as 10.8 cm. to the right and 7 cm. to the left, the transverse diameter of 
the chest being 28.4 cm. The lateral view shows a dense shadow in the 
region of the aortic valve suggestive of calcification. 

Fluoroscopic e.\amination with the aid of barium taken by mouth demon- 
strated complete situs inversus viscenim. 

Following bed rest and digitalization the condition of the patient im- 
proved until October 28, when there was a sudden onset of knifelike pain 
m the lower left chest with elevation of temperature to 101 ° F. Expectora- 
tion of bloody sputum developed on the following dav. Roentgen rav of 
the chest revealed evidence of an infarct at the base of the left lung Dvsp- 
nea increased and noce.ssitated the use of an oxvgen tent. Mild icterus 
developed. Suiiscqucnt chest films showed multiple infarcts throughout 
doth lungs. Patient failed to respond to therapv and died on December “>0 
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Postmortem Examination. There was complete transposition of all the 
thoracic and abdominal viscera. The parietal epicardium was smooth and 
glistening. The visceral epicardium presented large plaques of milk}’- dis- 
coloration and thickening. The heart (wt. 810 gm.) was markedly en- 
larged downward and to the right. The right auricle was moderately 
dilated and its wall was thin. Upon opening the chambers of the heart the 
mural endocardium appeared ordinary. The foramen ovale was closed.. 
The mitral, tricuspid, and pulmonary valves showed no lesions and their 
orifices were of normal size. The aortic orifice showed marked stenosis 
and admitted an instrument 1 cm. in diameter with difficulty. The aortic 
cusps were fused and completely replaced b}’- spikelike calcareous masses. 
The aortic ring showed slight thickening with focal deposits of calcareous 
material. The left ventricle averaged 25 mm. in thickness, and the right 
6 mm. There was great hypertrophy of the papillary muscles. The aorta 



Fig. S. — Calcareous stenosis of the aortic valve in “mirror image” dextrocardia. 

was of slightly smaller caliber than normal. Its wall was thin and elastic 
and revealed no significant pathologic changes. The arteries arising from 
the aorta, as well as those throughout the body, showed complete reversal 
of their normal position. The left lung weighed 1120 gm., the right 1000 gm. 
There were 3 lobes in the left lung and 2 in the right. Numerous large 
infarcts were present throughout both lungs. On section old and recent 
infarcted areas were noted. The intervening parenchjnna was water- 
logged. The liver presented an advanced nutmeg appearance. 

The cardiac findings were compatible with a rheumatic etiologj’. 

Discussion. The diagnosis of situs inversus was made on the 
basis of physical findings, the visualization of the transposed heart, 
stomach and liver by Roentgen ray, and the inversion of the P waves 
in Lead I of the electrocardiogram. 

Stenosis of the aortic valve was recognized from the classical 
signs of systolic thrill and murmur in the aortic area (in this case the 
second left interspace), absent second aortic sound, narrow pulse 
pressure and small pulse. The configuration of the heart and the 
demonstration of calcification in the region of the aortic valve on 
the roentgenogram supported this impression. 

The electrocardiograms are of interest since they differ from those 
obtained in uncomplicated situs inversus. In the latter there is 
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total inversion of Lead I and transposition of Leads II and III. 
When the electrodes in the limb leads are reversed to correct for the 
dextrocardia, a normal electrocardiogram is obtained. In this case, 
however, the effect of the acquired valvular lesion was superimposed 
upon that of the congenital anomaly. Thus there is unusually 
marked right axis deviation, slight elevation of the S-T segment in 
Lead I and upright T wave in Lead I. With re\^ersal of the elec- 
trodes, one observes left axis deviation and slight depression of the 
S-T segment with inversion of the T wave in Lead I, a record indica- 
tive of strain of the left ventricle (Fig. IB). 

Summary. A case is presented in which calcareous aortic stenosis 
(rheumatic?) was found in a 4.3-year-old male with situs inversus. 
Electrocardiograms showed the effect of the conditions cited. We 
have found no similar case reported. 


The authors wish to acknowledRo the assistance of Dr. J. G. Pasternack who per- 
formed the postmortem examination. 
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METABOLIC STUDIES ON NEOPLASM OF BONE WITH THE AID 
OP RADIOACTIVE STRONTIUM* 

By Anne de G. Tre.udwell 
B. A. Low-Beek 
H. L. Friedell 

ANO 

J, H. Lawrence 

(From the Radiation Laboratory, University of California, Berkeley, Calif.) 

Chemical and spectrographic studies regarding the mineral com- 
position of the animal body have revealed the presence of “trace” 
amounts of strontium in living tissue. Stoeltzner® has reported the 
first description of this by Konig in 1S74 and her own experiment of 
feeding dogs with strontium. She found a selective uptake in the 
spongiosa and in the epiphyseal regions of the bones. Growing ani- 
mals which were maintained on a diet low in calcium and in which 
the normal calcium requirement was replaced by strontium devel- 

• This work lm.« boon c.irricd out throuph the support of the Rockefeller Founda- 
tion and the Columbia lAind for Medical Physics. 
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oped toxic symptoms clinically resembling rickets. The strontium- 
fed animals showed a considerably higher amount of water-soluble 
alkaline earth content in the bones than is found in rickets, and 
therefore a biochemical difference between the two elements was 
apparently demonstrated. Lehnerdf* found that a part of ingested 
strontium was excreted in the milk. He also found a considerable 
amount in the bones of suckling young. According to McCollum,® 
Wheeler (loc. cit.) found that strontium was capable of replacing 
calcium to a considerable extent in the eggshell and in the bones. 
Shipley (loc. cit.) and coworkers pointed out that this mineral cannot 
replace calcium in normal hone formation. Kenney and jMcCollum 
(loc. cit.) confirmed these observations. Drea (loc. cit.) showed that 
strontium is one of the elements which pass from the food and water 
into the hen’s blood and egg, and then into all of the tissues of the 
embryo. 

The cyclotron (Lawrence et al.^) has made available a supply of 
the radioactive isotopes of calcium (^Ca'*®) and strontium (Sr*®). 
By means of these Pecher^ was able to resolve the results of 
classical investigations into a quantitatively accurate formulation 
of the exchange of calcium and strontium. He found that: 

1. Of a dose of radioactive calcium, 58% was recovered from 
the skeletons of mice after 24 hours. Of a dose of radioactive stron- 
tium, 33% was similarly recovered.® 

2. In the case of both radioactive strontium and radioactive 
calcium the activity of the skeletons of mice indicated that nearly 
maximum uptake was reached 8 hours after intravenous adminis- 
tration.® 

3. Bone uptake of radioactive calcium and radioactive strontium 
was nearly three times as great following intravenous administration 
as that following oral administration.® 

4. Radioactive calcium and strontium originally fixed in the skele- 
tons of mice was found to migrate to the fetuses during the last 
da>'s of pregnancy and to be transferred to offspring through 
lactation." 

5. Radio-strontium administered intravenously to lactating cows 
was recovered in the milk in the amount of about 10% of the dose, 
during the first 4^ days following administration.* 

The demonstration of the selective localization of calcium and 
strontium in bone has suggested strongly the application of the 
radioactive isotopes of these minerals to clinical metabolic studies 
and possibly to therapeutic bone irradiation. Because of its rela- 
tively greater availability radioactive strontium has been selected 
for this purpose. Pecher®® has reported clinical and postmortem 
studies with radioactive strontium on a group of cases of carcinoma 
with demonstrated bone metastases. 

Figure 1 demonstrates the method of treatment usually employed 
in these cases. Response of the red blood cell level is shown. The 
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lowering of the phosphatase* value and its maintenance at a point 
only sliglitly above the normal limit over a considerable period of 
time is also indicated. 



l>liosph:it.aso, hcnioclohin and red blood cell levels to rndio-strontuim therapy. 
(Arrows indicate fractioninR of total doses shown.) 

* Pliosphata.sc activity was c-stimated by the method of Bodansky (.J. Biol. Chem.. 
99. lar, 19;?:); lOl. a;?, la;?;?) for the determination of alkaline serum phosphatase 
activity. 
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The recent work of Woodard and Higinbotham*" has demon- 
strated high phosphatase values in osteogenic tumors. In many 
such cases the phosphatase activity of the tissue is reflected in 
elevated values for serum phosphatase. These authors have also 
shown that inactivation of such tumors by external irradiation 
results in lowering the phosphatase activity of both the tumor and 
the serum. These facts, together with the demonstrated reduction 
of serum phosphatase activity by the administration of radio- 
strontium in the case cited above, suggested the possibility of a high 
uptake of strontium by osteogenic tumor tissue. The selective 
uptake of radio-phosphorus (P’-) in soft tissue tumor cells has been 
shown by Jones, Chaikoff and Lawrence- to be greater than in any 
other type of soft tissue. A parallel between this behavior and that 
of radio-strontium in osseous tumors would appear to be probable. 
Therefore, it has seemed desirable to investigate the metabolism of 
tumors of the bone with the aid of radio-strontium. Accordingly, 
small doses of radioactive strontium have been administered to 
6 such cases, prior to biopsy or amputation, and the tissues have been 
assajmd to determine uptake. The following is a report of these 
investigations. 


Methods. 1. Radioactive strontium, first described by Stewart, Lawson 
and Cork,® was prepared in the Berkeley 60 inch cyclotron by bombardment 
of metallic strontium with 16 million volt deuterons. 

2. Tissues for assay were reduced to aliquots of approximately 1 gm. wet 
weight and ashed at 400° C. 

3. Ashed samples were assayed for radioacti\dty on a standardized 
Du Bridge electrometer or. a Geiger counter and compared with a uranium 
standard. 

Results. Case 1. W. L., 17-year-old white male school boy, weight 
130 pounds, entered the University Hospital May 15, 1941, complaining 
of constant pain in the right hip. Past historj' revealed that the patient 
had fallen on his right hip 6 months earlier vdthout immediate serious after- 
effects. In April the patient noticed that the right thigh was longer than the 
left and that he was limping. Swelling over the right femoral trochanter and 
upper portion of the right ilium had developed, and he had lost 15 pounds. 

The family history shows that 1 brother died at the age of 7 years of 
osteogenic sarcoma following the fracture of the right femur. Another 
brother died at the age of 12 years of carcinoma of the colon. 

The roentgenogram showed a large soft tissue mass with calcification aris- 
ing in the right ilium and spicules radiating from it, the typical appearance 
of osteogenic sarcoma. A biops}' resulted in the diagnosis: chondrosarcoma 
(osteogenic sarcoma). 

On -May 20, 1941, 1462 pc. of radio-strontium was administered intra- 
venously, and on ^laj^ 29 a second biopsy was taken. 

The tissues were assaj'ed with the following results: 

Radio-strontium %lexa- tissue of 
Tissue uptake, pc./gm. dose 


Muscle (normal?) 

Fat .... 

Bone (apparently uninvolved) 
Bone and marrou' . 

Bone (infiltrated) 

Tumor . . . . . . 

Blood clot . . . . 

.Skin (normal) 


0.1475 

0.010 

0.00063 

0.00045 

0,244 

0.0160 

0.194S 

0.0131 

0 49S 

0.034 

0.301 

0.0240 

0,00S4 

0 0040 

0 342 

0 0223 
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Cask 2. C. L., a 27-year-old white male, weight unknown, was admitted 
to the University Hospital in April, 1941. Past historj’- showed that he had 
a spiral iracture of the right femur in 1937. One month later a roentgeno- 
gram of the knee joint revealed a tumor involving the external condyle. 
This was diagnosed radiologically as a giant cell tumor. No biopsy was 
made at that time. 

The patient was treated with Roentgen ray, and the area became more 
dense and quiescent. In Februarj^, 1941, a tumor was noted involving 
the lower third of the thigh. Roentgen ray examination revealed a chiefly 
cxtracortical tumor showing elevation of the periosteum and small “specks 
of calcification within the tumor.” On Roentgen ray films taken in April, 
1941, the tumor still appeared to be extracortical. The old fracture line 
was still discernible. Radio-strontium (1183 juc.) was administered orally 
April 29, 1941, at 11 p.m. Amputation was performed April 30, 1941, at 
12.30 P.M. Microscopic examination resulted in the diagnosis: osteo- 
blastic osteogenic sarcoma of the femur. 

Tissues were assayed with the following results: 

Radio-strontium ’ %/gm. tissue of 


Tissue uptake, /ic./gm. dose 

Skin 0.0064 0.00054 

Fat 0.00361 0.0003 

Muscle 0.0036 0.0003 

Femur 0.0131 0.0011 

Marrow 0.0094 0.00079 

Tumor . . 0.0073 0.00061 


Case 3. W. R., a 13-year-old white male .student (weight 107 pounds), 
entered the University Hospital on June 24, 1941, because of gradual onset 
of pain and tenderness associated with pre.ssure of a tumor mass in the 
upiier right tibia region. Past history revealed that he was perfectl}’’ well 
until 7 weeks previously, at which time he was struck in this region by a soft 
baseball. The immediate pain subsided after a few days only to return 
about 1 week later and gradually to progress. The patient was then hospi- 
talized. Temperature on entry was normal. There was a rather diffuse, 
egg-sized swelling over the antero-medial aspect of the upper end of the 
right tibia with some increased local temperature, moderate tenderness to 
pressure, and dilation of the superficial veins. There was no lymphaden- 
opathy. Biopsy (June 2G) : osteogenic sarcoma. Radio-strontium (357 jac.) 
was administered intravenously July 2, 1941. Amputation was performed 
on July 7, 1941. 

Figure 2 shows the roentgenogram and autoradiograph of the section 
submitted for activity assaj'. 

Tissues were assayed with the following results: 



Radio-strontium 

%/Km. tissue of 

1 issue 

Uptake, /ic./cni. 

dose 

Femur sponpiosa . . . . 

0.0066 

0 0018 

Femur opiphy.«eal lino 

0.106 

0.029 

Cartilapo (femur epiphysis) 

0 0318 

0 0088 

Bone with tumor (front) 

- . . . 0.1461 

0.041 

Bono with tumor (back) 

0.15S6 

0.044 

Muscle 

■ . . . 0.0052 

0 00146 

Fat 

. - 0.0002 

0 00005 

Ttimnr 

. . . . 0.0996 

0.0279 

Skin . 

0.0772 

0 0215 

1-emur cortex 

. . . 0 0542 

0 015 


C.vsi. 4. R. a 9-year-old white female (weight S5 pounds), was 
artmitted to the University Hospital Febnian- 21, 1941. About 3 months 
prior to admission a small hard swelling was observed over the distal portion 
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admission there appeared to be no abnormality in the contour of the right 
forearm, by observation or palpation. There was no tenderness. About 
9 months after the first admission the patient returned because of a rapidly 
increasing mass involving the right forearm. There was no tenderness 
e.\cept on very firm pressure. Roentgen examination revealed a definite 
increase in the tumor mass involving the right radius so that the entire 
shaft was then involved. There was extensive invasion of the soft tissues. 
No metastasis to the lungs was demonstrated. Radio-strontium (326 fic.) 
was administered intravenously September 25, 1941. Amputation was 
performed September 30, 1941. 

Tissues were assajmd with the following results : 


Radio-strontium 

Tissue uptake, pc./Rm. 

Cortex of ulna (normal bone) 0.032 

Epiphyseal lateral humoral condyle (normal) 0.02442 

Tumor, sample 1 (of radius) O.OIOG 

Tumor, sample 2 (of radius) 0.0122 

Fat .... Trace 

Muscle ... Trace 

Skin Trace 


%/gm. tissue of 
do.se 

0.0098 

0.007 

0.0032 

0.0033 


Case 5. 0. E., a 54-year-old white male (weight 131 pounds), was 
admitted to the University Hospital August 22, 1941. About 18 months 
jirior to admission the patient had developed pain in the posterior gluteal 
region over the sciatic notch. At the same time he developed a limp of the 
left leg. Six months later the pain had extended down to the inner aspect 
of the left knee. The left leg became weak and there was considerable 
muscle atrophy of the lower left extremity. _ During the 6 months preceding 
admission there was constant jiain involving the left hip and the upper 
portion of the left thigh. There was 'moderate obstipation and 40 pounds 
loss in weight. On admission, examination revealed a large finn mass 
palpable in the lower left quadrant. There was considerable muscle atrophy 
of the left lower extremity. The motion of the extremitj' at the hip was 
limited in all directions. There was diminished pain to touch over the dis- 
tribution of the left second and third lumbar segments with motor loss and 
atrophy of the abductors and of the flexors of the thigh. The left knee jerk 
was absent. Roentgen examination of the pelvis showed an extensive 
lesion of the bone involving the left ilium, ischium, and inferior pubic ramus. 
There was expansion of bone; moderate areas of bone destruction; periosteal 
thickening; and new bone formation. The appearance was stronglj’- sug- 
gestive of osteogenic sarcoma. Radio-strontium (582 fic.) was administered 
intravenously September 3, 1941. A biopsv was perfonned September 9, 
1941. 

Tissues were assayed with the following results; 


Radio-strontium 

Tis*ui' uptake, pc./gm. 

Bone (itnior 0.483 

Siilx-utaucotis tissue and f.'isci.T (involved) . 0.098 

Muscle 0 0124 

0 OOSr, 

I'at ... 


%lpxn. tis.siie of 
dose 

0.082 
0.0010 
0 0021 
0 0014 


C .\sv;(). C. R., a 21-ycar-okl white male (weight unknown), wasadmitted 
to the l.'niversity Hospital August 4, 1941. Seven months prior to admis- 
sion the iiatient was struck by a hea\y piece of metal which produced an 
occhymotic area over the outer asiiect of the right thigh and which .^eemed 
<>f no consequence, .\bout 2 months later a slight swelling was observed. 
At the s.ame time a pain developed in the region of the right thich, but this 
was not severe enough to incapacitate him. One month prior to admission 
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the pain became more intense. An operation was performed and an ec- 
capsulated tumor was removed. This was diagnosed as myxo-fibro-osteo- 
sarcoma. Physical examination on admission revealed a firm, somewhat 
tender mass measuring approximately 10 cm. in diameter, directly above 
the incision resulting from the previous operation. On palpation the mass 
could not be clearly demarcated from the surrounding tissues. There was 
no evidence of inguinal metastasis. Roentgen examination revealed no 
metastasis to the parenchjmia of the lungs, but examination of the upper 


Table 1. — Uptake of Radio-strontium — Microcuries per Gm. and % of Dose 
PER Gm. — Tissue — Wet Weight 


Normal bone: nG.fgm. . 

Case 1. 

W. L. 
0.244 

Case 2.* 
C. L. 
0.0131 

% dose/gm. . 

0.016 

0.0011 

Infiltrated bone: ^c./gm. 

0.0498 

0.0073 

% dose/gm. 

0.034 

0.0006 

Tumor: nc./gm 

0.0361 


% dose/gm. . . 

0.0246 


Skin: nc./gm 

% dose/gm. . . . 

Muscle: nc./exa 

% dose/gm. . - 

Fat: fic.lgm 

% dose/gm. . . . 

0.342 

0.022 

0.1475 

0.010 

0.0066 

0.0004 

0.0064 

0.0005 

0.0036 

0.0003 

0.0036 

0.0003 


Case 3. 

Case 4. 

Case 5. 

Case 6. 

W. R. 

R. W. 

0. E. 

C. B. 

0.0542 

o. 0.0320 
6.0.0244 


0.078 

0.015 

1.0. 1461 
'.0.1586 

1 . 0 . 041 

1. 0. 044 

а. 0.0098 

б. 0.0070 


0.012 

0.0996 

fl. 0.0106 
6.0.0122 

0.0483 

0.588 

0.0279 

а. 0.0032 

б. 0.0033 

0.082 

0.090 

0.0772 

trace 

0.0086 


0.0215 


0.0014 


0.0052 

trace 

0.0124 

0.0005 

0.0014 


0.0021 

0.0007 

0.0002 

0.0005 

trace 

? 



* The short interval between administration of radio-strontium and amputation (12 hours) 
together with the fact that the radio-strontium was given orally probably accounts for the small 
uptake in ail tissues. 


right thigh showed a soft tumor mass in the upper portion of the thigh 
just below the trochanteric line. There was also an irregular area of calcifi- 
cation measuring approximately 6 by 3 cm. which was lateral and slightly 
posterior to the shaft of the femur. It appeared to have no connection 
with the femoral shaft. Radio-strontium (650 fiC.) was administered intra- 
venouslj" August 2, 1941. An operation was performed August 6, 1941, 
and a tumor measuring 5 by 4 by 3 cm. was removed together with the sur- 
rounding muscle. There was no histologic evidence of malignant tumor in 
these tissues. 

Tissues were assayed with the following results: 


Tissue 

Bone (uninvolved) 

Tumor 

Muscle 


Radio-strontium 
uptake, tic./sm. 

0.078 

0.588 

0.005 


%/gm. tissue of 
dose 

0.012 

0.090 

0.0007 


Discussion. Despite the marked difference in the uptake of radio- 
strontium by various tissues, there is ample evidence that the maxi- 
mum occurs in bone and tumor tissues. In soft tissues variation is 
especially noticeable, but a somewhat striking concentration is 
observed in several of the cases in the skin. This has suggested the 
desirability of investigating the role of the skin in strontium metab- 
olism. Such studies are now in progress in this laboratory. It is 
noteworthy that different parts of the tumor show marked differ- 
ences in the uptake of strontium. This might be due (apart from 
causes such as vascularization, regressive local changes, and so on) 
to difference in the metabolic rate in different parts of the tumor, 
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depending on tlie state of cell development at the time of biopsy. 
The high uptake of strontium in areas where new bone is being laid 
down, whether this be normal or neoplastic, indicates that radio- 
active strontium will provide a valuable tool in the study of bone 
healing after experimental fractures. As with radioactive phos- 
phorus in the case of new soft tissue cells, the rate of the laying down 
of new bone cells can be determined with labelled or radioactive 
strontium. , 

In order to evaluate the radiation effects of large doses of radio- 
strontium and to compare them with the effects of external sources 
of radiation such as Roentgen rays, it is desirable to attempt to con- 
vert the radiation emitted by radio-strontium into r units. This 
can be estimated from the energy of the emitted particles. Radio- 
strontium emits beta rays. Its half life is 55 days and its mean 
average life is 79.6 days. The maximum energy of radiation is 
1.5 MEV. The particles from radioactive substances, however, 
have different energies (continuous spectrum) ; therefore, the mean 
energy values must be taken into calculations. For radio-strontium 
this is 0.75 MEV. According to this energy per particle: One viicro- 
cnric of radio-stronihnn yields SS r vniis daily ycr gram of tissue, 
assuming uniform distribution. However, strontium is taken up 
mainly by osseous tissue, so that the radiation is concentrated chiefly 
in bones and osteogenic cells. 

It would appear from the foregoing that indications exist for the 
e.xperimental therapeutic use of radio-strontium in cases of certain 
bone tumors. Particularly this would appear to be justified in view 
of the exceedingly bad prognosis in such cases, and because of the 
meagre resources which now exist for their treatment. Because of 
the known high resistance of bone neoplasms to radiation, experience 
may prove that radio-strontium has therapeutic value cliiefly as an 
adjunct to external radiation (Roentgen rays, radium, neutrons), as 
a means of increasing total radiation to the affected areas. 

Pursuant to these ideas, radio-strontium is now being applied 
therapeutically in several of the cases here reported and in several 
patients suffering from skeletal prostatic metastases. Later publi- 
cations will describe these clinical studies. 

Summary and Conclusions. 1. Investigations concerning the 
metabolism of calcium and strontium by means of their inert and 
radioactive forms have been reviewed. 

2. Preliminary clinical studies with radioactive strontium in 
breast and prostatic carcinoma with bone metastases are reported. 

6. Administration of radioactive strontium to 6 cases of bone 
tumor jirior to biopsy or amputation shows uptake chiefly by 
growing bone and by osteogenic tumor tissue. 

-1. Various considerations seem to justify the therapeutic use of 
radioactive strontium in certain bone tumors. Clinical studies 
along this line are now in progre.'^s and will be reported at a later date. 
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University of Pennsylvania) ' 

Control of communicable disease requires either effective sup- 
pression of dissemination of the causal agent or adequate means of 
increasing the resistance of the population at risk. In the case of 
the air-borne diseases, measures directed toward controlling dis- 
semination, such as ultraviolet irradiation and germicidal vapors, 
while promising, are still not operative on a scale significant to public 
health. 

The practicability of increasing resistance to any disease is greatly 
influenced by the availability of (1) means of determining the dis- 
tribution of susceptibility, and (2) an innocuous immunizing agent. 

* This study has been supported in part by a prant from the United States Public 
Health Service. A prant has also been received from the Faculty Research Com- 
mittee of the University of Pennsylvania. This is Paper IX of a series of studies 
vnth //. pertussis. 
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In the case of whooping cough there has been no suitable test for 
individual susceptibility, and the whole bacterial vaccine used to 
iinniuni/ie is not entirely free from undesirable side reactions. 

Work conducted at the Tniversity of Pennsylvania for a number 
of years has been directed toward preparation of suitable diagnostic 
and immunizing reagents from Ilewopliihi.s pnrfm.shs. An agglutino- 
gen has l)een prepared in a considerable degree of purity from 
II. pcrtv.sfii.s of I^hase I; this agglutinogen is highly antigenic; when 
injected into the skin of non-immune animals or human beings, it 
has not caused reactions.® In the hands of Flosdorf, Felton, Bondi, 
and McGuinness® this purified agglutinogen has shown promise as 
(1) a test reagent for e.stimation of individual susceptibility, and (2) 
as a. stimulating injection for increasing active immunity. The 
present study has elicited no evidence of this agglutinogen being 
significantly toxic when administered intravenously to rabbits. 

Physical disintegration of cells of H. pierhissis by sonic vibration 
was used to insure that no possibly significant labile factors initially 
in the cells would be lost. By such delimiting means a stable 
agglutinogen was found to be liberated. Altliough the agglutinogen 
is stable, sonic extraction has been continued as the means of libera- 
tion of the agglutinogen because of its convenience. Other com- 
ponents of the bacterial cell are also brought into solution in the 
sonic extract. One of these soluble components is a thermolabile 
toxin which has been shown to give a strong reaction of primary 
toxicity on injection into the skin of rabbits.'* ® Storage of the 
])ertussis cells or of their extracts or heating the extracts to 56° C. 
for 30 minutes destroys or alters the thermolabile toxin, leaving a 
less powerful thermostable toxin. Whether the thermolabile and 
thermostable toxins exist separately or in combination in the H. per- 
iimi.s cell, or whether the thermostable toxin is an alteration product 
of the thermolabile component is not known. Both thermolabile 
and thermostable toxins are shown in the present study to cause 
pathologic changes on injection into rabbits. 

_ Methods and Terminology. Washed cells of H. pertKssis suspended in 
distilled water are disintegrated by the action of the sonic vibrator;' the 
resultant material is centrifugalized. The opalescent supernatant fluid is 
called the some cxlracl; it contains agglutinogen, thennolabile toxin and 
thennostable toxin. Heating of the sonic extract for 30 minutes at 56° C. 
inactivates the thermolabile toxin, leaving thermostable toxin and agglu- 
.tinogen. This preparation is called heated sonic cxlracl. The agglutinogen 
has been purified from these toxins as previously described .** In text and 
in tablc.s, injection of agglutinogen implies this purified preparation.* 

Ill the tables the amounts of materials injected are expressed both in 
milligrains of dry substance and in units of agglutinogen contained in them. 
The purified agglutinogen is assigned a unit value in terms of its capacitv 
to combine agglutinin in quantitative absorption experiments 1 unit of 

♦ In (te-'crihiiiK in ciotnil the prcpar.Hion .and properties of these several materials 
in earlier pnhlieations.* 'f--* thc.‘!o;iic cjrlract w.as referred to ns SX-I, the healed sonic 

""i rurtfied agglutinogen as A-I, the thcnnolahite toxin as 

J LI and the thennostahle toxin as TST. 
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tlie purified agglutinogen solution usualty, contains 0.001 or 0.002 mg. of 
total solids. The purpose of listing the units of agglutinogen in the sonic 
extracts is to afford a comparison of the toxicity of the thermolabile and 
tliermostable toxins contained in these extracts in relation to the content 
of agglutinogen. 

Chinchilla rabbits weighing about 2 kg. were injected with single doses or 
with repeated daily doses of various quantities of purified agglutinogp or 
of sonic extract or heated sonic extract. Animals which were sacrificed 
were killed by ether. Pieces of heart, spleen, liver, brain, lungs, kidneys, 
adrenals, and popliteal lymph nodes were fixed in formalin. The sections 
were stained with hematoxylin-eosin, and sections of the liver were stained 
for fat, and sections of the spleen for iron. 


Table 2.— Lethal Doses of Various Fractions of H. Pertussis Expressed in 

Units of Agglutinogen 


Sinule Repeated daily 

injections injections 

Sonic extract 6-30* 3-6 

Sauer’s vaccine 50-100 25-50 

Heated sonic extract .... 300-1500 150-300 

Purified agglutinogen .... >3500 >2000 


* The boldface data are closer to the e.xact lethal doses than those not boldface. 


Results. Some results of the study are presented in Table 1. 
They include the lethal doses, the changes in the weight of the 
animals, and the agglutinin titers. In order to facilitate the inter- 
pretation of the data, summaries of certain findings and tlie results 
of some calculations are presented in subsequent tables. 

Lcihal Doses. From the data in Tables 1 and 2, it will be observed 
that the range of lethal doses varies from, in the case of the sonic 
extract, a quantity containing 6 to 30 units of agglutinogen up to a 
quantity of purified agglutinogen representing 3500 units of agglu- 
tinogen injected as a single dose. In the case of repeated daily 
doses, the lethal range varied from 3 to 6 units in the case of sonic 
extract to more than 2000 units of purified agglutinogen. It is true 
that Rabbit 270 died after 2000 units of purified agglutinogen, and 
Rabbit 275 after 4000 units. However, both these experiments 
were performed during the last days of July, 1941, when the animals 
suffered greatly from heat. IMoreover, other rabbits receiving 
3500 units, or repeated doses of 2000 units, not only survived, but 
also showed no change in blood picture and no tissue reaction. 

Changes in IVcighi. All animals that succumbed to injection of 
the sonic extracts lost considerable weight (Table 1). If they died 
1 to 2 days after the first injection, they were found to have lost an 
average of 9%, while after G to 7 injections this loss amounted to 
25 %. The animals which survived, on the other hand, showed little 
if any change in weight. As a matter of fact, only 1 of these animals 
was found to lose more than G% during the first day following a 
single injection, and only 1 lost more than 9% during the first G d'avs 
of repeated daily injections, the average weight loss amounting to 
as httle as 3% in the former group, and 4% in the latter. 

vou eot, NO. 4.— oCTonr.R. 1P42 IS 
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Changes in the Blood. The behavior of the red and white blood 
cells was studied in 26 rabbits which received sublethal doses of the 
several preparations (Table 3). A slight drop in the number of 
erythrocytes and hemoglobin percentage was observed in all animals 
which received the highest sublethal doses; those which received 
lower doses did not show this change. A leukocytosis was found 
after single doses of sonic extract containing 6 units of agglutinogen, 
of Sauer’s vaccine containing 10 to 50 units, and of heated sonic 
extract containing 150 to 300 units, as well as after repeated doses of 
Sauer’s vaccine containing 25 units and sonic filtrate containing 
30 units. The lymphocytes rose highest after Sauer’s vaccine, and 
remained low in most cases injected with heated sonic extract. 
The granulocytes rose highest after injection of heated sonic extract 
and remained low after injection of sonic extract. In other words, 
after injection of sonic extract the leukocytosis was almost exclu- 
sively a lymphocytosis, and with Sauer’s vaccine a lymphocytosis 
and granulocytosis, while after injection of heated sonic extract it 
was, in most cases, predominantly a granulocytosis. After injection 
of purified agglutinogen no leukocytosis was observed^ 

Organ and Tissue Changes. If we turn now to the individual 
organs and tissues and first consider the weights of the organs where 
these were taken (Table 4), it may be observed that lungs, spleen 
and kidneys showed a considerable rise in weight, and liver and heart 
a moderate increase, in all animals that succumbed to injections; 
while the animals which survived showed no distinct change in 
weight except in the spleen, the weights of which were double or 
almost double tlie normal weights in the rabbits which received 
Sauer’s vaccine or heated sonic filtrate. These differences were 
apparent not only in the absolute weights of the organs, but also 
in the relative weights, i. c., grams per kilo of body weight, whether 
these were calculated from the initial weights of the rabbits before 
they were injected (relative weights I), or from the final weights 
determined at the time of death (relative weights II) (Table 4). 

Table 4.— Changes in Weight or Organs Expressed in Per Cent of Nor.mal* 

After Lethal Doses. 



Lung 

Spleen 

Kidncy.s 

Liver 

Heart 

Absolute weights 

. +S0 

+ 50 

+54 

+ 11 

+ 11 

Relative weights I 

, -bSG 

+ 00 

+50 

+ 14 

+ 13 

Relative weights II 

+ 105 +S0 

+7S 

+ 29 

+ 20 


After 

Sublethal Doses. 




.\bsolute weights 

+ 12 

+40 

+ 11 

+2 

+ 2 

Relative weights I 

+5 

+40 

+ 6 

+ 4 

-4 

Relative weights II 

+ 10 

+40 

+ 11 

+ 7 

=t0 


“ Chances in .absolute weiclits were c.alcul.ated by comparing orcan weinhts of 
sacrificed rabbits with those of norm.al r.abbifs. Relative wciphts” refer to weights of 
organs per kilo of body weight: I refers to those compared with bodv weights at 
t'egmnmR of the experiment; II refers to those at the end. i. e., after weight lo^s 
had occurred. 



536 


EHRICH, BONDI, MUDD, FLOSDORF; 


^%ile the increase in weight of the kidneys, the liver and the 
heart was chiefly due to cloudy swelling, the increase in weight of 
the spleens after lethal doses was mainly caused h 3 'peremia, and 
that of the lungs by both hj'peremia and edema. Differences in 
weight as produced bj^ the various fractions of H. 'pertussis were not 
discovered; however, the average weight increase was greater in 
animals which died after repeated injections than in those which 
succumbed to the first dose. 

The most conspicuous tissue changes which were observed after lethal 
doses were necrosis in liver, adrenals and kidne.vs, as well as in the 
Ij’mphatic tissue of spleen and popliteal IjTOph nodes (the only 
IjTnph node studied). In the liver, necrosis was present in all 
animals which succumbed to injections except in Rabbit 249 which 
died (as late as) 7 daj's after a single injection of Sauer’s vaccine, 
and in the 2 rabbits which died during a heat spell following a large 
single injection of purified agglutinogen (Rabbits 270 and 275). In 
the adrenals necrosis was observed onlj" in 4 out of 13 animals which 
died and whose adrenals were studied microscopicallj^ and in the 
kidnej's onl}' in 3 animals. In the liver of 2 rabbits (242 and 243) 
and in the kidnej^s of 1 rabbit (360) the necrotic tissue was found 
to be calcified. This seems to indicate that at least in these rabbits 
the necrosis was produced bj" tlie first or one of the first of the re- 
peated dailj' injections of the fractions used. 

In the spleens, too, necrosis was present in almost all animals. 
In some we found merelj' increased nuclear decaj" in the Malpighian 
bodies; in others focal necrosis was observed in both the follicles 
and the l.vmph sheaths; while in most we found extensive necrosis 
throughout tlie white pulp. The red pulp was mostl 5 ' observed to 
be hyperemic, and often contained large plasma drops and swollen 
macrophages. In animals which succumbed after repeated injec- 
tions the structure of the spleen appeared to be markedlj" loosened, 
and the white pulp was much reduced in quantity. 

In the popliteal lymph nodes the necrosis was not as conspicuous 
as in liver and spleen. Of 15 rabbits which succumbed to injections 
and the l.vmph nodes of which were studied microscopicallj’, onl.v 
2 showed extensive necrosis with diffuse hemorrhages throughout 
the parenchj'ma, while 11 showed all transitions from increased 
numbers of p.vcnotic nuclei in the secondarj’ nodules to marked 
necrosis of the cortex. In most animals, the nodes were markedlj' 
hj'peremic, and the central sinuses were sometimes distended with 
h'mph. 

Among the animals which sur\-ived, on the other hand, necrosis 
in liver and adrenals was found onl.v in Rabbit 232 which was killed 
1 da.v after the highest single sublethal dose of heated sonic filtrate. 
It maj' verv well be that this rabbit would have died spontaneousbv 
if it had not been sacrificed so shortl.v after the injection. 

The most conspicuous tissue changes of the animals which surrired 
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were liyperplasia of the lymphatic tissue particularly in the spleen, 
and foci of extramedullary myelopoiesis in spleen and liver. Lym- 
phatic hyperplasia in the spleen with large so-called germinal centers 
was observed especially after .single injections of Sauer’s vaccine 
containing 50 to 100 units of agglutinogen or repeated injections 
containing 25 units; it was present in some and absent in other 
animals which received heated sonic filtrate or purified agglutinogen. 
After single or repeated injections of sonic filtrate containing 3 to 
6 units of agglutinogen, the secondary nodules as well as the lymph 
.sheaths remained undisturbed. A mild lymphocj^tic hyperplasia 
was observed also in the popliteal lymph nodes of the animals which 
were injected with Sauer’s vaccine, but it was absent after heated 
sonic filtrate. 

Foci of extramedullary m 3 ’elopoiesis were most marked and regu- 
larly present in both spleen and liver, in all animals which survived 
repeated injections of sonic filtrate, Sauer’s vaccine, and heated 
sonic filtrate. After single injections of these fractions, such foci 
were observed in 8 spleens and 5 livers among 16 animals, while 
after injections of purified agglutinogen thej' were found onlj'^ in 
the spleens of 3 out of 8 animals. The latter, to be sure, maj’- have 
been due to causes other than the injections. 

As to other tissue changes which were obser\'ed in our rabbits, 
those in lungs and brain deserve mentioning. Foci of chronic 
interstitial or bronchial pneumonia were detected in 27 out of 
00 experimental animals, and foci of encephalitis were found in 6 
out of 30 experimental animals. Since both these lesions were 
equality common in all our experimental groups as well as in our 
control animals, their occurrence is regarded as coincidental. 

Mescnch.vmal reactions in the vascular connective tissue of lungs, 
liver and sjileen as observed after intravenous injections of large 
doses of killed staphylococci, streptococci or colon bacilli--^ were 
seen only in 0 experimental and 1 control animal and seemed to be 
entirely independent of the treatment which the.y receiyed. 

Finally, it should be mentioned that the fat and iron metabolism 
as aj)parcnt in liver and spleen from fat and iron stains were not 
significantly altered in the e.xpcrimental animals. The amount of 
fat which was found in the liver varied greatly in the different experi- 
mental groups and individual animals; and the amount of iron that 
could be demonstrated in the spleen likewise varied considerabK'; 
though it was found to be higher in animals which survived than 
in those which died, and seemed to be higher in those which survived 
repeated injections. However, in no experimental group was the 
amount of iron to be found greater than in our control animals. 

Discussion. I he various fractions of //. pertussis which h.ave been 
studied differed not only in their toxicity, but also in their role in 
the production of certain pathologic changes. Kxpressed In* weight 
of total solids, unheated sonic extract was SO times as toxic as 
heated sonie e.xtract. 
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While the lethal effect of sonic extract was obviously principally 
due to the thermolabile toxin, that of the heated sonic extract, like 
that of Sauer’s vaccine, was probably due to the thermostable toxin; 
the effect of purified agglutinogen cannot yet be analyzed because 
no dose large enough to be lethal could be given to establish it. As 
to the mechanism of the death after lethal doses, it appears that 
this was the same with all the preparations, because the animals 
which succumbed to injections all showed the same histologic 
changes,* namely congestion and edema of the lungs; cloudy swelling 
of kidneys, liver and heart; and necrosis especially of liver and the 
lymphatic tissue of the spleen. Though it may be that shock was 
a factor concerned, the necrosis of the lymphatic tissue, together 
with the well-known Ijunphocytotic effect of H. pertvssis in man 
suggest a more specific mechanism. 

The pathologic changes which are observed in blood and tissues 
in pertussis or in bronchitis as observed in human patients have not 
been seen in our animals. L 3 Tnphocytosis and granulocjdosis, on 
the other hand, were regularlj'^ present after certain doses; and a 
mild anemia was observed after high sublethal doses; and there was 
hj’perplasia of the hunphatic tissue especiallj" of the spleen, and 
extramedullar}- m}"elopoiesis in liver and spleen. 

As to the nature of the factors that caused these reactions, the 
data of Table 3 first seemed to confirm the conclusion of Camerer* 
that the lymphoc}i:osis was caused by the thermolabile toxin. How- 
ever, like Fukushima® and Tuta,*‘ we saw l}Tnphoc}-tosis also in 
some animals M-hich received heated extract, and a certain parallelism 
seemed to exist between lymphocytosis, agglutinogen units and 
agglutinin titers. The latter observation is of interest in the light 
of Takahaski’s claim according to which the lymphocytosis pro- 
duced by H. jJerhissis can be neutralized by the injection of pertussis 
immune serum.*" 

As to the reaction of the granulocytes in our experiments, it was 
noted that a granulocytosis was present after injection of heated 
sonic extract containing 150 units of agglutinogen but absent after 
3500 units of purified agglutinogen, though in both these cases the 
total solids amounted to about 10 mg. each. This observation 
could be interpreted to indicate that the granulocytosis was not 
merely a function of the protein contained in the preparations, but 
was caused probably by the thermostable toxin. 

If, finally, we attempt to determine the greatest non-toxic doses of 
the various fractions, much depends on whether we look upon 
granulocytosis and lymphocytosis observed in these animals as 
harmful or beneficial. If we regard them as beneficial, the greatest 
non-toxic doses of the fractions would lie close to the lower of the 
2 lethal doses as given in Table 2; while if we regard them as harmful 

♦ A lew rabbits were injected with lethal doses of living organisms and the histo- 
logic changes which were obsoircd in these were the same as those produced by 
sonic extract. 
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the greatest single non-toxic dose of sonic extract would contain 
3 units of agglutinogen, that of heated sonic extract somewhat less 
than 150 units, and that of the purified agglutinogen more than 
3500 units. In the latter case, according to this calculation, the 
purified agglutinogen Avould be less than one one-thousandth as 
toxic as the sonic extract of the whole virulent organisms. 

Summary. The relative toxicity of certain fractions of II. 'per- 
hmis as well as their roles in the production of certain pathologic 
changes in blood and tissues have been studied experimentally in 
rabbits. The agglutinogen is important in establishment of anti- 
bacterial immunity and the purified agglutinogen is giving promise 
as a reagent for use in intradermal testing for susceptibility to 
whooping cough. The purified agglutinogen contains neither ther- 
molabile nor thermostable toxin. No evidence of toxicity of the 
purified agglutinogen was found when tested in dosage 300 to 1000 
times greater than the lethal dosage of the thermolabile toxin. 
Thus, there is a wide margin of safety in the clinical application of 
the purified agglutinogen. 

In the blood, a mild transient anemia was observed after high 
sublethal doses, and a leukocytosis also after lower doses, of prepara- 
tions containing one or both toxins. With sonic extract the leuko- 
cytosis was almost exclusively a lymphocytosis; with Sauer’s vaccine 
both a lymphocytosis and granulocytosis; and with heated sonic 
extract in most cases predominantly a granulocytosis. The two 
leukocytoses, therefore, appear to be caused by different toxins of 
II. pertussis. It may well be that the thermostable toxin does not 
exist natively as such, but is in complex combination with the 
thermolabile toxin; the thermostable toxin may appear only as a 
result of the reaction by which the thermolabile toxin becomes 
inactivated. No leukocytosis was found after massive doses of 
purified agglutinogen. 

The tissue changes after lethal doses of the toxins included con- 
gestion and edema of the lungs, cloudy swelling of kidneys, liver 
and heart, and necrosis especially in liver and lymphatic tissue of 
the spleen. In surviving animals there were lymphatic hyperplasia 
especially in the spleen, and extramedullary myelopoiesis in liver 
and spleen. 
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Low grade edema, which is frequently part of the clinical picture 
presented by arthritic patients, is often ignored, and its role in the 
disease is not clearly understood. Scull and Pemberton® have called 
attention to this edema or “tissue swelling” and have observed 
that, with bed rest and a low carbohydrate diet, arthritic patients 
often experience relief of pain, decrease in joint swelling, and an 
increase in joint mobility concomitantlj' with the loss of water from 
the body. 

It has also been demonstrated^-® that synovial fluid may be 
regarded as a dialysate of plasma containing mucin, and that the 
presence of edema from any cause may be associated with an 
increase in the volume of synovial fluid.- These observations suggest 
that the volume of synovial fluid of arthritic patients may be 
related to the volume of the extracellular fluid compartment of the 
body. 

In this study the clinical effects of water loss occurring after 
diuresis by ammonium chloride, and the clinical effects of water 
retention resulting from the administration of sodium bicarbonate 
were observed in 5 patients with rheumatoid arthritis. 

Procedure. Five female patients with chronic rheumatoid arthritis were 
studied. Thej- were placed on a diet containing 150 gm. carbohydrate and 
75 gm. protein. The caloric value of the diet was adjusted for each patient 
by adding sufficient fat so that 40% more than the basal caloric requirement 
as estimated from the tables of Dubois and modihed bj- Boothb}’^ and 
Sandiford' was given. The diet was the same ever 3 - daj- for each patient 
and prepared so that it contained less than 2.5 gm. sodium chloride. Water 
was unrestricted, although the daily water intake was estimated and the 
urinarj' output was measured. The patients were weighed dailj’ on a 
balance accurate to 1 gm. Under these circumstances it can be assumed 
that changes in body weight reflect water loss or water retention.^ All 
patients had been hospitalized for several weeks or months prior to the 
experiments, and the symiptoms resulting from the arthritis remained 
unimproved. None had menopausal sj-mptoms. The patients received 
no phj’siotherapy, and analgesics were administered upon request of the 
patient during the course of these experiments. 

* Supported by a prant from the Upjohn Company. 
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The patients were examined every morning. The mobility of the affected 
joints was measured and expressed in terms of degrees of range of motion 
(tlie degree of maximum extension minus the degree of maximum flexion) 
the circumference of the joints was measured. The s 5 'mptom of pain was 
evaluated by careful questioning of the patient and noting the frequency 
with which she requested analgesics. 

After control joint measurements were made over a period of 3 to 5 
days the patients were given 6 to 8 gm. ammonium chloride daily for 
varying lengths of time. The ammonium chloride period was followed b}'' 
the administration of 6 to 8 gm. of sodium bicarbonate for 7 to 10 days, 
and the same observations were made. The experiment was concluded b}'^ 
repeating the administration of ammonium chloride. 

Results. Table 1 shows the detailed data on Patient 1. The 
remaining 4 patients responded similarly and their summarized 
data are shown in Table 2. Although there were individual varia- 
tions in clinical response to the administration of ammonium 
chloride and sodium bicarbonate, the character of the re.sponse 
was remarkably similar in each case. 


Table 1.— Data on Patient B. R.* 

Uanco of motion Circumference 

(degrees) (cm.) 


Diitc, 

lino 

Period 

Weight in 
(kg.) 

Right. 

knee 

Left 

knee 

lA;ft 

elbow 

Right 

knee 

lAlft 

knee 

Pain 

10-10 

Control 

48 3 

30 

40 

04 

30.4 

32.5 

+ -f- 

lo-in , 


48 0 

30 

40 

03 

36.5 

32 5 

+ + 

10-20 . 

NHrCL 

47,0 

30 

40 

65 

. 30.5 

32.5 

+ + 

10-22 . 

<< 

40.3 

40 

45 

70 

35 4 

31.0 

-1- 

10-2.1 . 

i< 

45.4 

55 

55 

70 

34.0 

31.2 

0 

10-20 

(( 

44 3 

70 

00 

85 

33.0 

31,5 

0 

10-30 , 


41 8 

85 

85 

112 

32.0 

31.5 

0 

11- 3 . 

NaHCOs 

41 .9 

84 

90 

110 

31.4 

31.2 

0 

11- rj . 

(< 

42.8 

70 

70 

105 

33.0 

33.0 

+ + 

11 - s 

(( 

45 2 

64 

05 

50 

35.0 

35 0 

+ + -f- 

11-11 

NIECl 

40.0 

50 

50 

35 

.35,0 

35,5 

4- -t- + 

11-13 

<( 

44.5 

GO 

70 

50 

34.5 

35.0 

-!- + 

11-10 

i( 

42.0 

SO 

05 

65 

33.5 

33 5 

0 

11-22 . 

n 

40.8 

SO 

85 

70 

.34,0 

32.5 

0 

11-30 , 

ft 

42.0 

SO 

82 

70 

34.0 

33.0 

0 

12- S 

(( 

41 0 

SO 

SO 

70 

.34.0 

33 0 

0 

12- n , 

NallCOj 

41,7 

SO 

SO 

75 

34.0 

33.0 

0 

12-11 . 

it 

43.0 

50 

70 

70 

34.0 

34 5 

4- -}■ + 

12-15 

(i 

45.4 

45 

40 

50 

35.5 

35.5 

4-4-4- 

12-10 

NH^Cl 

40 2 

40 

42 

50 

35 .5 

35.5 

4-4-4- 

12-lS 

t( 

45 4 

55 

70 

60 

35.0 

34.0 

+ 


(k 

41.7 

100 

95 

75 

33 0 

33 0 

0 


* Every other set of determin.ntions has been omitted bv editorial request, in order 
to s.nve space. 


In each case the period of ammonium chloride administration 
w:(s characterized by a significant decrease in liody weight which 
under the wnditions of the experiment can be assumed to be 
nuunly due to water loss from the body.^* Associated with the water 
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loss there was a decrease in joint swelling as measured by the joint 
circumferences. In Cases 1, 2, and 3 there was also a progressive 
increase in the mobility of the joints. Cases 4 and 5 showed no 
significant change in mobility but Case 4 had relatively little 
impairment of joint mobility initially, and Case 5 had very severe 
joint destruction with some ankylosis. All patients experienced 
relief of joint pains during the period of ammonium chloride admin- 
istration. Relief of pain occurred even though the range of motion 
was not significant!}" altered (Patient 5). 


Table 2. — Data on 4 Patients 


Patient (A. B.) ; 

W"eight (kg.) 

Right shoulder: 

Abduction (deg.) .... 

Extension (deg.) .... 

Right knee — circumference (cm.) 
Left knee — circumference (cm.) 
Pain .... 

Patient (V. B.) : 

Weight (kg.) 

Right shoulder— abduction (deg.) 
Right knee — range of motion (deg.) 
Right knee — circumference (cm.) 
Loft knee — range of motion (deg.) 
Left knee — circumference (cm.) . 
Pain 

Patient (I. S.) : 

Weight (kg.) ... 

Right knee — circumference (cm.) 
Left knee — circumference (cm.) 
Right ankle — circumference (cm.) 
Left ankle — circumference (cm.) 
Pain .... 

Patient (A. K.): 

Weight (kg.) ... 

Right shoulder — extension (deg.) 
Right knee — circumference (cm.) 
Left knee — circumference (cm.) . 
Right ankle — circumference (cm.) 
Left ankle — circumference (cm.) . 
Pain ... 


Control 
period, 
3-5 days 

NH.Cl 
period, 
23-33 days 

NaHCOj 
period, 
7-10 days 

NHtCI 
period, 
6-8 days 

80.0 

74.2 

78.6 

75.5 

30 

80 

65 

90 

30 

100 

60 

120 

41.5 

39.0 

41.0 

39.0 

40.0 

40.0 

41.0 

39.0 

+ + + 

0 

+ + + 

0 

31.2 

27.7 

30.9 

28.6 

60 

90 

45 

90 

80 

155 

112 

150 

29.5 

28 0 

31.0 

29.5 

0 

65 

65 

90 

29.0 

25.0 

29.0 

25.5 

+ + + 

0 

-b-t-H- 

0 

53.2 

51.0 

54 0 

51.7 

35.0 

33.0 

35.0 

33.0 

35.5 

32.0 

34.0 

31.0 

26.5 

23.0 

25.0 

25.0 

26.5 

24 0 

27.0 

25.0 

0. 

0 

+ + + 

0 

59.3 

57.9 

59.1 

57.1 

135 

170 

135 

150 

37.0 

34 5 

37.0 

35.0 

36 5 

34.0 

36.0 

34.0 

30.0 

25.0 

30.0 

29.0 

29.0 

26.0 

28.0 

26.0 

+ + 

0 

+ + + 

0 


The period of sodium bicarbonate administration was char- 
acterized by an increase in body weight and in joint swelling. Joint 
mobility was significantly decreased and in some instances joints 
essentiall}' asymptomatic before the onset of these observations 
became swollen and painful. Pain was aggravated in each case. 
Case 4, who had had no pain initially, developed severe pains. 
Case 5 developed more pain while receiving sodium bicarbonate 
than she had initially. 

Discussion. Under the conditions of these experiments, the 
changes in body weight which were observed can be assumed to 
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represent mainly either water retention or water loss.^ It was to be 
expected, therefore, that the period of ammonium chloride admin- 
istration should be characterized by a reduction in body weight 
due to water loss, since the diuretic effect of ammonium chloride 
has been demonstrated by numerous investigators. Similarly, an 
increase in body weight following the administration of sodium 
bicarbonate must be attributed to an increase in the water content 
of the body. In these cases of rheumatoid arthritis the decrease in 
body weight and in joint circumference with the administration of 
ammonium chloride, and the increase in body weight and joint 
circumference with sodium bicarbonate suggests that the fluid in 
the joints and in the periarticular tissues, as well as the extra- 
cellular fluid volume, is affected by these drugs. 

The results of these observations are in general agreement with 
the observation of Scull and Pemberton^ that the loss of body water 
in rheumatoid arthritis is associated with clinical improvement. 
This would suggest that in rheumatoid arthritis the symptom of 
joint pain is caused, at least in part, by the swelling of articular 
and periarticular tissues. Similarly, in the absence of definite bony 
ankylosis, the immobility of the joints in rheumatoid arthritis may 
be partly due to this swelling and the pain resulting therefrom. To 
the e.xtent that this is true, and in the absence of definite joint 
ankylosis, the reduction of tissue edema may be e.xpected to be 
associated with clinical improvement of the patient as manifested 
by relief of pain, decrease in the swelling of the affected joints, and 
an increase in their range of motion. The fact that these changes 
arc readily reversed with the administration of sodium bicarbonate 
supjiorts such a view. 

Other patients not as carefully studied, and not included in this 
report, have been tried on this regime and similar changes were 
not uniformly observed. The response was judged largely on the 
basis of subjective changes and was not as impressive. Some 
patients noted no changes at all, some rather insignificant improve- 
ment with ammonium chloride, and others were moderately bene- 
fited. Sodium bicarbonate administration was more often associated 
with an increase in the severity of symptoms. 

It is not the purpose of this report to recommend ammonium 
cliloride or other diuretics as a therapeutic measure in rheumatoid 
arthritis. However, the striking clinical changes observed in this 
small series of patients with alterations in the body water suggest 
the need of further investigation of the role of water in this disease. 

Case Reports. Case 1. B. R., a 44-year-old white female, had had 
rheumatoid arthritis for 10 years. At the time these obseiA'ations were 
made she was bedridden because of multiple joint involvement. There 
was pain on motion of both shoulder joints, pains in both elbows and 
hmitation of motion of the left elbow. Both wrists were painful and swollen. 
The hands showed interosseous atrophy and fusiform swelling about the 
metacarpo-phalangcal and the proximal phalangeal joints. There was 
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extreme pain on motion of the hip joints, more marked on the right. Both 
knee joints were swollen, painful, and limited in motion. The right ankle 
was swollen, painful, and limited in its range of motion. Although many 
of the joints were swollen, there was no evidence of pitting edema. 

Roentgen ray revealed shght loss of joint space in both knees with 
decalcification of the adjacent bone. The other joints showed marked 
decalcification of the adjacent bone.s, some loss of joint space, but no 
ankjdosis. 

After control joint measurements were made for 4 days, the patient was 
given 8 gm. ammonium chloride daily’- for 13 days (Table 1). Her weight 
decreased 6 kg. Concomitantly’- with the decrease in weight there occurred 
a significant increase in range of motion of the right knee, left knee, left 
elbow and both hips. The circumference of the right knee decreased sig- 
nificantly^ The circumference of the left knee was also decreased, although 
not to such a marked degree. AU joint pains were remarkably relieved. 
There was a decrease in the swelling of the left wrist and an increase in the 
mobility’ of this joint. The patient tolerated the anunonium chloride well, 
and she felt generally’ improved. 

Following the period of ammonium chloride, the patient was given 
8 gm. sodium bicarbonate daily for 8 days. The changes in measurements 
are shov’n in Table 1. During this time her weight increased 4.1 kg. There 
was a complete reversal of the changes noted in the preceding period. The 
circumference of the left knee which had not changed remarkably under 
the influence of ammonium chloride now increased significantly. Joint 
pains which had been reheved by’ ammonium chloride became severe, the 
patient complained bitterly and required analgesics. 

The alternating periods of ammonium chloride and sodium bicarbonate 
were repeated. Each time the periods of sodium bicarbonate administration 
were characterized by’ an increase in body’ weight, increase in joint cir- 
cumferences, decrease in joint mobility’, and increase in joint pain. On the 
other hand, the periods of ammonium chloride administration were char- 
acterized by a decrease in body weight, decrease in joint circumference, 
increase in joint mobility, and relief from joint pains. 

Case 2. A. B. was a 38-y’ear-old white female whose arthritis was of 
1 year’s duration. At the time these observations were made she exhibited 
limited ability’ to abduct or e.xtend the right shoulder. There was swelling 
of both knees and both ankles, and although their mobility’ was not im- 
paired to passive movement, she was unable to walk because of pain and 
limitation of active motion. The patient required 45 gr. of acety’lsalicylic 
acid daily’ to control her pain, and she was given codein every’ night to 
assure a night’s sleep. Roentgen ray’s of the affected joints revealed no 
ankylosis and no joint destruction. 

The patient was given 8 gm. ammonium chloride daily’ for 22 days. 
During this time her weight decreased 5.8 kg. The degree of abduction and 
e.xtension of the right shoulder were significantly increased. Swelling of the 
right knee and ankles decreased. Joint pains which had been a prominent 
sy’mptom previously were completely’ relieved, analgesics were unnecessary’ 
and she was able to walk. 

Ammonium chloride was then discontinued and 8 gm. sodium bicarbonate 
were administered daily for 15 day’s. TTie patient’s weight increased. The 
swelling of the knees and ankles returned. Pain promptly’ reappeared and 
became even more severe. 

The final period of ammonium chloride administration (8 day’s) was 
again characterized by a loss of weight, increased mobility’ of the shoulder, 
and dimini.«hed circumference of both knees. Joint pains were again com- 
pletely relieved. This patient was sufficiently’ improved to be discharged 
to the outpatient department. Table 2 shows the summarized data on this 
patient. 
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Case 3. V. B. ^vas a 28-year-old white female whose illness was of 3 
years’ duration. At the time of these observations the patient complained 
of severe pain and stiffness of the cervical, dorsal, and lumbar spine. There 
was pain and limited abduction of the right shoulder; pain, swelling, and 
limited motion of the right knee and both ankles; pain, swelling, and 
fixation at an angle of 90° of the left knee. Roentgen ray examination 
showed no evidence of bone or joint changes in the cervdcal, dorsal, or 
lumbar spine. There was decalcification of the bones of both knees and 
ankles with sharply etched articular surfaces but no ankjdosis. 

The patient was given 6 gm. ammonium chloride dail}*^ for 26 days. 
During this time her weight gradually decreased 3.5 kg. The degree^ of 
abduction of the right shoulder increased significantly. The range of motion 
of both knees and ankles increased while the swelling decreased. Pain was 
remarkabl}’’ relieved and no medication was needed. Mobility of the spine 
was not affected although back pain was relieved. 

Following this period, 6 gm. sodium bicarbonate were administered 
daily. As is indicated in Table 2, the patient gained approximately 3.2 kg. 
in weight. Pain of the joints became a verj^ prominent symptom so that she 
required codein. The swelling of the joints increased and, in general, the 
range of motion decreased. 

In the final period of ammonium chloride administration the sjTnptoms of 
pain again disappeared completeljL Swelling of the joints decreased. The 
range of motion of the Icnees and right shoulder was further increased, and 
the patient felt considerably better. 

Case 4. I. S. was a 48-year-old white female whose rheumatoid arthritis 
had become progressively worse over a 10-year period. At the time these 
observations were made, there was swelling of the dorsal surfaces of both 
hands and of both knees, although mobility was not markedlj’’ impaired. 
Both ankles were swollen and moved with difficulty. Pain of the joints 
was not a jirominent sjanptom at this time. Roentgen ray revealed marked 
narrowing of joint spaces in the left hand and knees. 

During a 23-day period of ammonium chloride administration the 
patient’s weight decreased 3.2 kg. The circumferences of the knees and 
ankles decreased significantlj’’, the puffiness of the dorsal surfaces of the 
hands disappeared and the mobilitj' of the fingers improved. 

During the next 10 days the patient received 8 gm. sodium bicarbonate 
daily and gained 3 kg. in body weight. The circumference of the affected 
joints increased to approximately their initial size. Joint pain, which had 
previously not been a prominent sjuiiptom, became severe and the patient 
required codein for its relief. Swelling of the dorsal surfaces of the liands 
reappeared and the patient complained of numbness of the fingers of both 
hands. 

During the final period the patient received 8 gm. ammonium chloride 
daily for 7 days. The weight again decreased. The circumferences of the 
knees and ankles diminished, and joint pain was relieved. 

Case 5. A. K., a 47-year-old white female, had had rheumatoid arthritis 
for S_ years. When these studies were begun, she complained of pain and 
restriction of motion of both shoulder joints, more marked on the right. 
Both elbows, wrists and knees were swollen, painful and limited in motion. 
The ankles and toes were deformed and not movable. Analgesics were 
continually required. 

Roentgen ray revealed destruction of many of the joint spaces with bone 
erosion and decaleification of all the bones. 

I'or 33 days the patient received S gm. ammonium chloride dailv and 
lost 1.4 kg. During this period the degree of extension of the right shoulder 
mcmased. The circumference of the right and left knees and the right 
and left ankles decreased without improvement of joint motion. Joint 
pains were decreased, and no medication was required. 
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For the next 7 days the patient received 8 gm. sodium bicarbonate daily. 
During this time she increased her weight 1.2 kg. The degree of extension 
of the right shoulder was again decreased to its original value. The cir- 
cumferences of the knees and ankles again were increased. Edema of the 
face and of the dorsal surfaces of the hands developed. Joint pains became 
severe and required analgesics for their control. 

For the next 6 daj^s the patient again received 8 gm. ammonium chloride 
daily. Again her weight decreased, and the circumferences of the knees 
and ankles were decreased. Edema of the face and hands again disappeared. 
Joint pains were again relieved, and no analgesics were required. 

Summary. Five females with tj-pical rheumatoid arthritis were 
placed on a fixed diet and were given ammonium chloride and 
sodium bicarbonate while changes in their body water were esti- 
mated. With the loss of w-ater induced by ammonium chloride 
there was in general a decrease in the pains and joint swelling and 
an increase in the joint mobiIit 3 '. These changes were reversed by 
the accumulation of water induced bj" sodium bicarbonate. It 
would appear that, in these cases at least, some of the symptoms of 
rheumatoid arthritis are altered to some degree by changes in the 
bodv water. 
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SALMONELLA INFECTION IN INFANTS AND CHILDREN 

By Siegbert Bornstein, M.D. 

AND 

Herm.an Schw.arz, M.D. 

NEW YORK CITY 

(From the Bacteriological Laboratory and the Pediatric Department of 
Beth Israel Hospital) 

Dee to improved feeding techniques and milk control, infantile 
diarrheas no longer plai' the role thei' used to do in the earlier 
years of the centur.v. However gastro-intestinal disturbances are 
still being observed in single instances as well as in epidemics. The 
causes of these gastro-intestinal disturbances have been ascribed 
to overfeeding of good food, to feeding of bad food, to infections 
in general, and to specific bacterial diseases with their principal 
symptoms in the intestinal tract. As in other countries, so in the 
United States, these intestinal cases with a distinct bacterial etiology 
have seemed to be on the increase, or perhaps we have a better 
technique in finding the cause. So there are increasing reports of 
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dysentery, especially of the Flexner type, being published. In addi- 
tion a Avhole group of Salmonella (paratyphoid) infections are 
being brought to light in all countries in the world. This of course 
is especially important to pediatricians, and it is of this group of 
cases that we wish to make a short presentation. 

Salmonella infections in infants and young children manifest 
themselves clinically either as diarrheas under the caption of gastro- 
enteritis, or as bacteremias with or without localization. Occa- 
sionally a mixed form is seen. The typhoid type occurring in adults 
and older children is rather unusual during the first years of life. 
The gastro-enteric form usually is accompanied by a fever of a 
non-specific type but not necessarily so. The stools are usually 
watery, but may be dysenteric in nature. The cases without tem- 
perature and with a few watery stools are, of course, very often not 
recognized. In fact this picture with or without temperature, with 
or without blood in the stool, can reall}’^ only be diagnosed by careful 
bactcriologic examination. Of course, in the young infant the picture 
of alimentary intoxication may also supervene. The type with 
bacteremia or marked general infection may have any and all 
kinds of complications which occur in any bacteremic involvement 
in the young infant. 

To obtain a fairly accurate idea of the role played by Salmonella 
infections in infantile diarrheas in a given locality, 3 factors are 
of importance. First, awareness of the possibility of such infection 
in any form of diarrhea in the individual case or in epidemics. 
Second, consistency in the search for the etiology, which means 
examining more than just an occasional specimen of the stool; 
and third, the use of proper laboratory technique consisting of the 
use of selective media, enrichment procedures, and serologic dif- 
ferentiation. Thus Hormaeche and co-workers,^ examining stools 
of 1 Gil children in Montevideo, found in 395 cholera-like, dysentery- 
like diarrheas, or transition forms. In this group Shigella organisms 
were found in 32% and Salmonellas in 20%. Among the other 
cases with watery stools only, were 85 with Salmonella and 12 with 
Shigella in the stools. There were furthermore 11 cases with Sal- 
monellas and 3 with Shigellas in the feces with no clinical symptoms 
whatever. Similar large-scale e.xaminations have not been carried 
out elsewhere, yet it can be said that aside from possible numerical 
differences in this country, Salmonella infections are not an infre- 
quent cause of infantile diarrhea. 

Present Study. In a series of 369 cases of human Salmonella 
infections in North America and in Cuba, in which clinical informa- 
tion was available, the types of the organisms were classified by 
us at the New York Salmonella Center connected with this hos- 
pital. Fifty cultures came from infants and young children. The 
clinical picture was that of a septic infection in 9 cases, and in the 
remaining 41 children the predominant s^miptom was diarrhea. 
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The serologic Salmonella types found in these children were: Group 
B, S. typhi vniriwn; Group C, S. cholerse mis, S. oranienburg, S. 
bareiUy, S. monteiideo, S. newport; Group D, S. enteritidis, S. easi- 
boiime; Group E, S. give, S. anatmn; Group F, S. wichita, S. \irbana, 
S. liavana, and S. panama. Eleven cases were due to S. iyphi murhim 
and 25 to organisms belonging in the serologic Group C of Salmon- 
ella. These two etiologic groups are the most numerous also among 
the adults in the series. There, however, S. typhi mnrmm occurred 
twice as often as organisms of Group C. A greater susceptibility 
of infants and young children to infections with S. suipestifer, a 
representative of Group C, was assumed to e.xist by Gajzago and 
Goettche.- This seems to be confirmed by our figures and e.xtended 
to Group C afe a whole. 

Eight cases of Salmonella infections observed in our Pediatric 
Department within the past 3 years present several interesting 
features. There were 3 cases of simple gastro-enteritis due to 
<S. iyphi mnrium invohdng infants of 3 and 5 months and a 3-year- 
old child. A 10-year-old boy with enteric fever due to S. paratyphi B 
received sulfaguanidine for 40 days, but the stools were not freed 
from the organisms. A case of a purulent lesion and 1 of enteric 
fever due to S. tyjM mnrium as well as 2 cases of infant diarrhea 
due to more unusual types of Salmonella, namely S. newport and 
S. montevidco, shall be described briefly. 

In our e.xperience, <S. typhi mnrmm is the most common t 3 ’pe 
found in human Salmonella infections in this country' and causes 
in 9 out of 10 cases a rather harmless gastro-enteritis. S. newport 
and S. monteiideo represent each about 7% of the human infections 
in which we have e.\'amined the tvpe. Both organisms belong in 
Group C of Salmonella and show a higher degree of invasiveness 
in man than S. typhi mnrinm. The,v ma.v cause enteric fever and 
septic infections aside from gastro-enteritis though not as fre- 
quenth" as S. paratyphi B and S. cholerx snis respectively-. 

Case Abstracts. C.\.se 1. M. G., an 11-months-old female (ad- 
mitted 209/39) was operated on 5 weeks before for intussusception; reduc- 
tion was performed. The child had fever between 101° and 104° for 2 
day's, was restless and had projectile vomiting 4 to 5 times a day. Three 
to 4 loose, greenish stools; benzidine test positive. There was a trace of 
acetone in the urine. Three days after admission the temperature rose to 
105.4°. There was slight distention of the abdomen. The following day the 
abdomen was tj'mpanitic, seemingly tender, there was diffuse resistance, 
but no masses were felt. A tap in the left lower quadrant revealed pus, 
from which S. typhi mnrium was cultured. The temperature dropped 
immediately after the paracentesis and the child was discharged much 
improved on 3/6/39. At no time were pathogenic organisms found in the 
feces. 

Case 2. A. L., a .5-year-old female (admitted 9/12/41) had fever for 
a month. During the first week of the fever she had 4 to 5 stools daily ; no 
blood in them. She became afebrile on the second day in the hospital. 
Stools were examined on 9/12, 9, '16 and 9/19 and found negative for patho- 
genic organisms. An agglutination test with the patient’s senim on 9/15 
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was positive for Paratyphoid B-0 in dilution 1:200, but negative with the 
specific phase flagellar antigen of Paratyphoid B (6). However, a positive 
agglutination was obtained with the specific phase flagellar antigen of 
S. iyphi murium {i). The agglutinin titer for B. typhi murmm in the patient’s 
serum was 1 : 1600 on 9/20. Only from a stool specimen on 9/24 was S. typhi 
viuriwn finally recovered. 

Case 3. R. S., 2 months old, female, admitted 10/5/40, born in London, 
had reached this county' 2 weeks before; had not gained weight during the 
last 2 weeks; was emaciated; buttocks excoriated. The stools were mucoid, 
bloody on one occasion on] 3 ^ S. neioporl Avas cultured from the stool. After 
a blood transfusion and dietary treatment, the diarrhea Avas stopped a 
week after admission. The patient’s serum agglutinated 5. ncwport in a 
dilution 1:200. The mother’s serum agglutinated the organism Aveakly in 
dilution 1:100. Her stools Avere negatii'e for pathogenic organisms, she 
gaA^e no history of enteric infection. Sulfanilamide, 5 gm. in all, sulfanilyl- 
guanidine 1.26 gm. per day for 8 da 3 ''s, and sulfathiazole 3.15 gm. did not 
free the stools from the Salmonella organism. A stool of the child obtained 
8 months later, was positiA'^c for S. neiuporl. 

Case 4. I. E., a 7i-months-old male, Avas admitted (12/2/40) because 
of diarrhea, feA'er and anorexia. He had had an attack of diarrhea 9 days 
before, Avhich subsided Avithin 4 daj'^s. The stool contained S. montevideo. 
Patient’s serum agglutinated the organism in dilution 1:50. The stools 
AA-ere loose, contained specks of blood, became normal on the 5th daj’- in 
tile hospital. Sulfanilylguanidine Avas giA'en for 12 days, stool cultures 
Avere still positiA-’e on discharge 12/21/40. 

Case 5. S. B., a 3-year-oId male, AA-as admitted (2/7/39) for cough and 
discharge from nose, for 1 AA'eek, temperature betAveen 100° and 103.5°. 
Since 5 daJ^s, 6 to 10 loose j-’clloAvish-green stools— abdominal pain and 
vomiting. <S. typhi murium AA'as isolated from the stool, the patient’s serum 
agglutinated this organism up to_ dilution 1:200. The temperature came 
doAvn to nonnal on the 2nd das' in the hospital, from the 3rd day on the 
child had 2 to 3 pasty broAvn stools. 

Case 6. E. L., a 5-month-old male, Avas admitted 2/13/39. The child 
had fcA'cr, cough and ear discharge for 6 Aveeks. Febrile temperature since 

2 Aveeks; 6 to 8 AA-atery stools AA'ithin the last 24 hours. During the first 

3 days in the hospital he had 4 to 5 loose yelloAv stools a daj’-; on one occasion 
the feces AA-ere blood-streaked. <S. typhi vnirium AA-as found repeatedly in 
the stools; agglutination test AA-ith the patient’s serum on 2/20/39 AA-as 
negative. 

Case 7. N. L., a 3-month-old male, AA-as admitted (10/6/39) because of 
fever and diarrhea for 5 daj's. Acutelj^ ill, drj' skin, holloAv e 3 'es. Bright 
red bloody stools. Clinical impression: d 3 -senter 3 \ S. typhi murium in 
feces. 

Case S. H. jM., a lO- 3 -ear-old male, Avas admitted 9/20/41; a refugee 
child; infected on a Spanish boat, had periumbilical pain and fever up to 
104° for 3 day.s; constipation, anorexia. Spleen 1 finger beloAV costal 
margin, fcAv rose spots on 9/23. Septic temperatures— gradually decreasing 
until r2th day in hospital. S. paratyphi B from blood and stool. Agglutina- 
tion AA-ith iS. paratyphi B rose up to 1:1600. Sulfaguanidine for 40 days, 
positive stool cultures Avere obtained after discontinuation of the drug.* 

It is knoAvn that Salmonella infections tend to occur during the 
summer months. Yet none of tliese S cases fell into this season, 
Xo CAAnncction Avith other cases or carriers could be detected except 
for the case K. S.. Avhosc mother possibly had a subclinical infection, 
t ontrarA- tAi the statements of most authors, a carrier state AA'as 
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observed for a considerable length of time. It ma.y be noted that 
the therapeutic use of sulfanilylguanidine proved ineffective in 
Salmonella infections not due to S. paratyphi A or S. cholera 

Summary. Routine cultural examination of a series of stool 
specimens from all infants and children with gastro-intestinal 
symptoms is suggested. Agglutination tests are not without value, 
although they are not always positive in cases of simple gastro- 
enteritis. According to Hormaeche they become positive more 
often in the dysentery-like cases than in other forms of enteritis. 
Nevertheless, in all doubtful infections of more than a week’s 
duration, agglutination tests with a variety of Salmonella antigens 
should not be omitted. Blood cultures should also be taken if the 
syndrome is that of enteric fever or generalized septic infection. 
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CYANIDE POISONING FROM CHOKE CHERRY SEED 
By Michel Pijo.an, jM.D. 

•WESTERN SHOSHONE AGENCY. OWYHEE. NEVADA 

In these western states, the numerous choke cherry trees yield 
berries, the pulp of which is used by some for jam-making and eaten 
raw in large quantities by campers — Indian and white alike. In 
instances where there exist great hunger or an injudicious appetite 
or craving, the fruit may be eaten whole, or the seed and pulp 
broken up in the mouth and swallowed indiscriminately. 

The fresh pits of the choke cherry, Prunits melanocarpa, contain 
enough cyanide to be poisonous, perhaps lethal, to the consumer. 
This property is shared by the fresh pits of peach, prune, and 
several other similar plants.® Among -western Indians the choke 
cherry is an important dietary item during the months of August 
and September. 

Although it is well kno-um that the fresh peach seed is poisonous, 
very little attention has been given to the seeds of the wild choke 
cherry. A thorough search of the literature reveals but one publica- 
tion on the subject. In Pardee’s® case (1847) certain singular features 
of his patient bear repetition: “A little boy about three years old 
had been in the habit, in the fall of 1846, of resorting with other 
boys to a tree of the wild choke cherry and of eating freely, and at 
all times, of the choke cherries, the tree being of easy access and 
being loaded with fruit, and the ground underneath being well 
covered with them. He seemed to have swallowed great numbers 
of them whole. One morning, while apparently in the enjoyment 
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of his usual health, he began to complain of pain in the epigastric 
region and soon after vomited and discharged quantities of whole 
cherries; he had convulsions, was drawn backwards, rolled his eyes 
about, and died in a short time, before any medical aid reached him. 

I made a postmortem examination on the day subsequent to his 
death and found, on opening the abdomen, that the stomach and 
intestines were of a dark, modena red color, such as would be 
caused by the juice of the wild cherry infiltrating through the walls 
of stomach and intestines. And on opening the alimentary canal, 
I found it literally filled with cherries in every condition— indeed, 
there were at least two quarts of cherries in the whole alimentary 
canal.” 

Case Abstracts. Case 1. Unfortunately, this case reported by Pardee 
was unknown to me when, in August of 1940, a 14 year old Indian school 
girl was admitted to the Western Shoshone Hospital. She was stuporous, 
had intermittent attacks of convulsions non-Jacksonian in character, was 
pale, cyanotic, her respirations labored, and a rectal temperature of 105°. 

Physical examination revealed no contributorj'^ neurologic signs. There 
were equivocal Babinski reactions, but no Oppenheim or Gordon signs. 
The pupils were equal and reacted to light and accommodation. Although 
rolling of the eyeballs was present, the eyes presented no fixed deviation. 
Inability to cooperate prevented other neurologic studies. The chest was 
normal to percussion and auscultation, confirmed by a roentgenogram 
(Roentgen ray plates of the skull were normal), and a KB film of the 
abdomen revealed certain small circumscribed shadows, the interpretation 
of which was uncertain. The cerebrospinal fluid showed no abnonnality, 
although the pressure was low. 

The blood studies presented a white count of 14,200 (differential nega- 
tive); red blood cell count of 2,800,000. The venous blood seemed to have 
a slight vermilion hue. There was a slight increase in the venous pressure 
(140 mm.); systolic arterial pressure, 76 mm. Hg; diastolic, 30. The pulse 
rate was 140; the heart sounds muffled, but well heard. The urine (by 
catheterization) was entirely negative, no acetone, acetoacetic acid, sugar, 
albumin, or microscopic abnormalities. The abdomen was soft, and there 
were no muscle responses to pressure palpation. Rectal examination was 
negative. 

A continuous intravenous drip of 5% dextrose on Hartman’s solution 
was started and no other form of treatment used. The patient died in 24 
hours. 

Antoysy (limited to the gastro-intestinal tract) revealed large quantities 
of choke cherries and broken seeds throughout the tract. The entire mucosa 
was deeply stained red by the cherries themselves. There was nothing else 
abnonnal found in the gastro-intestinal system. 

Inquirj’ disclosed that the patient had' spent several days in the moun- 
tains, subsisting mainly on choke cherries,* and, apparentlv, in her hunger, 
had eaten huge quantities of cherries, in manv instances breaking the 
seeds in her mouth. This point is stressed, as the ingestion of the broken 
fresh seeds is of iiaramount importance clinically. 

E. \ . A. ]Murphy, n visiting botanist, made the suggestion that 
members of the family rosacem, whicli includes choke cherries, 
contain seeds whose pits are poisonous and confirmed our impression 
that the choke cherry, like other members of this family, miglit 
produce hydrocyanic acid. It is well known* that cherry,* almond, 
and peach seeds and leaves contain cyanophoric glucosides. 
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Fresh choke cherries were obtained and the pits removed, crushed 
and given to 3 guinea pigs. All of these animals died in convulsions. 
Here, then, was a poisonous substance at least lethal to guinea pigs, 
2 gm. sufficing to produce death. The pits of seeds were then 
crushed, distilled in acid and the distillate absorbed in weak base. 
The distillate absorption (0.1 cc.) was lethal to guinea pigs within 
8 minutes. Qualitative tests for cyanide were strongly positive. 
Lack of facilities rendered further assay impossible. It was apparent 
that this substance could be liberated from choke cherry seeds 
during acid hydrolysis in the stomach. Dried crushed seeds exposed 
to air apparently lost their toxic properties. 

Numerous reports in the literature- indicate that the equivalent 
of 60 mg. of hydrocyanic acid may be fatal, but larger doses have 
been recovered from. The longer the patient is kept alive, the better 
his chances are for recovery, because the body detoxifies cj'anide 
by combining it with methemoglobin and sulfur compounds to 
form stable and inactive sulphocyanates. 

l^Tiile it is true that cyanide combines with hemoglobin to form 
cyanhemoglobin, a non-oxygen bearing compound, this substance is 
formed slowly and in a small amount. Death is not due, primarily, 
to cyanhemoglobin or to a cyanide effect on the carotid sinus, but 
to its inhibition of cell respiration; the respiratory center in the 
medulla ceases to function because its nerve cells can no longer 
obtain oxygen for its respiration. Even though the blood is saturated 
with oxygen, the tissues are incapable of utilizing it. 

Now, as the breakdown of cyanogenetic glucosides, of which the 
choke cherry amygdalin is one, is a slow process in the gastro- 
intestinal tract, and as cyanhemoglobin is formed slowly, the treat- 
ment is directed along two channels: first, to cease ingestion of toxic 
material and, secondly, to remove all material already ingested from 
the gastro-intestinal tract. 

Methylene blue is of no value therapeutically, and under some 
circumstances it can e\’en hasten the reconversion of methemoglobin, 
a useful compound forming a stable substance with cyanide, to 
hemoglobin. Sodium thiosulphate and sodium nitrate are the 
safest agents to employ for methemoglobin formation in cyanide 
poisoning. However, these measures with occasional side toxic 
reactions are unnecessary if the cyanide-producing material is 
removed from the individual. This is demonstrated by the fact 
that 3 other cases were admitted during September, 1940, with 
symptoms of coma, convulsions, vasomotor collapse, labored respira- 
tions not of the Kiissmaul type but more of a Cheyne-Stokes char- 
acter, the skin having a suggestive pink cyanosis. Vomiting and 
epigastric pain were the early symptoms in all these cases. Treat- 
ment consisted of gastric lavage with weak sodium bicarbonate 
solution, repeated high enemata and the subsequent administration 
of 15% magnesium sulphate solution in large quantities through a 
Levine tube placed well into the duodenum. Lumbar punctures 
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were done in each case witli a beneficial effect. Intravenous dextrose 
solutions and small transfusions were also helpful. 


Table 1.— Data os 4 Cases of Choke Chebby Seed Poisoning 
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+ 

+ 
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In these 3 cases the diagnosis would have been missed, the 
treatment ineffective and death unquestionably would have occurred, 
had we not ascertained the direct cause of the symptoms. There 
have probably been mild cases of choke cherry seed poisoning, the 
symptoms of which must have bewildered the physician. It is only 
by tlie ingestion of fresh crushed seeds that a toxemia is induced. 

Conclusions. Four cases of poisoning from the ingested, fresh 
seed of the western choke cherry, Prumts melanocarpa, are pre- 
sented. The fresh pit of this western choke cherry is said to contain 
cyanophoric glucosides which break down into hydrogen cyanide 
in the gastro-intestinal tract, producing hydrocyanide poisoning, 
which may be fatal. The treatment for this type of cyanide poisoning 
is also presented. 
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THE EFFECT OF BENZEDRINE SULFATE IN MIGRAINE* 

A Preliminary Report 
By Jacques S. Gottlieb, jNI.D. 

ASSISTANT rnorr-ssoB or rsYciUATBY, CNn-Ensiri- or iowa medical school, 

IOWA CITY, IOWA. 

(From the Iowa State Psychopathic Hospital) 

The purpose of this report is to describe the effectiveness of 
benzedrine sulfatef (amphetamine sulfate or beta-aminopropyl- 

191 IlliDois Ps>-chiatrio Society. Chicaco. 111., on Feb. 5, 

t Beniedrine sylfate prcparc<l for intravenous administration was kindly .supplied 
V'y the Smith, Kline A French LalKjratories, Philndelpbla. Pa. 
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benzene sulfate) in the treatment of migraine. The results indicate 
that this drug may be a useful addition to the physicians’ armamen- 
tarium for the treatment of this disease. 

Regardless of the basic pathogenesis of migraine, evidence accu- 
mulated to the present time implicates a local disturbance of the 
arterial system, angiospasm or dilatation, as the immediate causal 
agent for a paroxj^sm. The studies of Wolff and his associates* 
indicate that dilatation and distention of cranial arteries which 
may be produced bj' a variety of factors form the basis of the 
headache. The effectiveness of ergotamine tartrate in adequate 
dosage in aborting, reducing or. terminating an attack of migraine 
headache has been demonstrated consistently since its introduction 
b 5 ' Lennox and von Storch in 1935.- This drug decreases the ampli- 
tude of the pulsations of the cranial arteries, chiefly certain branches 
of the external carotid artery.® Its therapeutic effect depends 
presumablj"^ on its ability to produce prolonged and powerful vaso- 
constriction. 

Unfortunately following the administration of ergotamine tar- 
trate undesirable symptoms of a toxic nature frequently occur. 
Von Storch® has discussed the limitations of this therapy. The 
commonest untoward reactions were nausea, vomiting, numbness 
and tingling of the hands and feet, muscular pains and muscular 
stiffness. These, if severe and prolonged, besides being decidedly 
unpleasant to the patient, may constitute a warning of impending 
arterial thrombosis. Other symptoms such as insomnia, restless- 
ness, globus hystericus, choking sensations and precordial pain occur 
less frequently and, although alarming to the patient, do not seem 
dangerous. The occurrence of any of these accessory symptoms 
whether dangerous or not may be of such importance to the patient 
as to prevent the use of the drug for therapeutic purposes. 

As a result a study was begun with the purpose of evaluating 
benzedrine sulfate as a possible therapeutic agent. This drug was 
selected because it is a sympathomimetic compound with a pro- 
longed action. Vasoconstriction with its concomitant pressor effects 
was desired. It too decreases the amplitude of the pulsations of the 
cranial arteries.® The increase in psychic function with a lessening 
of fatigue which this drug produces was thought possibly to be of 
^■aIue because slowness of thought and fatigue are frequently a 
part of the migraine syndrome. This drug can also produce undesir- 
able reactions such as intense restlessness, inability to relax, insom- 
nia and cardiac irregularity, depending upon individual idiosyncrasy. 
It is contraindicated for patients with cardiovascular disease, par- 
ticularly those with hypertension. It must, therefore, be adminis- 
tered with due caution. 

Benzedrine sulfate has been given previously to patients suft'ering 
from migraine, but not studied extensively. Nathanson® in a study 
of the effects of benzedrine sulfate on fatigue had 4 subjects in his 
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series who complained of migraine attacks Avhen they became easily 
tired. He was administering the drug orally in 10 mg, doses before 
breakfast and at noon.^ He found that the frequency of their 
migraine attacks lessened with amelioration of fatigue. In addition 
1 patient was able to prevent the headache by taking 10 mg. by 
mouth during the prodromal stage. Palmer^ found it of no value in 
3 cases. Sutherland and Wolff” observed that an intramuscular 
injection of 10 mg. was sufficient to relieve the attack in 1 of 3 cases. 
Collectively then 10 patients have been reported as receiving this 
drug for their migraine. Two obtained relief from attacks, 3 others 
had the frequency of their attacks reduced while the remaining 
5 were unaffected. 

Procedure. Twenty-five patients suffering from typical migraine but 
free from other discernible disease form the basis for this study. If the 
patients reported to the hospital during an attack, the drug was admin- 
istered intravenously in 3 to 20 mg. doses. The rate of injection was given 
cautiously, 1 mg. per minute for the first injection. Subsequently, if no 
untoward sjnnptoms developed, the speed of injection was increased, reach- 
ing a maximum in 1 patient of 20 mg. in 3 minutes. The speed of injection 
was controlled according to the rise in blood pressure which was taken 
at minute intervals. An increase of 20 to 40 mm. Hg in_ the systolic blood 
pressure was used as the criterion. There was great variability among the 
patients in their sensitivity to the drug— the blood pressure arose abruptly 
in 2 patients after administration of but 3 mg. and 7 mg. intravenously. 
The injections were then discontinued because they were deemed dangerous. 

Following testing of their response to intravenous medication, these 
patients were advised to take the drug orally in 10 to 40 mg. doses at the 
beginning of an attack. Seven patients who were examined between at- 
tacks were placed directly on oral medication. Three patients having 
very frequent and severe paroxysms were placed on oral medication dail}’- 
at x'aiying intervals up to everj’’ 4 hours in order to evaluate the drug as a 
prophylactic agent. 

Results. The accompanying table presents the results and types 
of medication employed for the treatment of 25 patients suffering 
from migraine. Eighteen of these patients received benzedrine sul- 
fate intravenously from 1 to 7 times for the relief of their migraine 
attacks. Twelve (67%) consistently obtained complete relief from 
their attacks in from 7 to 45 minutes. All of them were suffering 
in their attack near or at its height. The rapid disappearance of 
the symptoms was dramatic and startling. IMost of the attacks 
were exceedingly severe with confusion being prominent in 3; 9 had 
complete relief of all symptoms; 2 usually had residual luTieresthesia 
over the affected side which gradually disappeared during the fol- 
lowing 2 hours; and 1 usually had a dull residual lasting several hours 
which gradually faded away. Three of these 12 on some occasions 
had a recurrence of their symptoms after 4 hours. These subse- 
quent symptoms were relieved by further intravenous administra- 
tions. Of the 6 patients who failed to obtain relief, 2 obtained relief 
regularly from ergotaminc tartrate. 1 from oxx'gen therapy, but the 
other 3 failed to rcs])ond to any therapy employed. 
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The iiijection of benzedrine sulfate intravenously was approached 
with due caution. In our experience with complete control oyer 
the dosage there has been no serious reactions. The accompanying 
physiologic changes were fairly consistent qualitatively from patient 
to patient. There was an increase in the blood pressure of 15 to 
40 mm. Hg in both the systolic and diastolic pressures which reached 
their maxima in 5 to 10 minutes after the injections were com- 
pleted. An increase in blood pressure was found necessary in order 
to obtain relief and the rate of injection was controlled by the rise 
in blood pressure. The pressures then slowly fell until the original 
level was reached in 45 to 60 minutes. The pulse rate varied, increas- 
ing on some occasions but more commonly diminishing from 8 to 
15 beats per minute at the height of the reaction. Pallor was 
common. Slight dilatation of the pupils occurred. Only 4 com- 
plained of feeling tense to the point where it was uncomfortable. 
Most of the patients remarked that they felt brighter and no longer 
fatigued. Insomnia, which had been anticipated as a possible 
complication did not occur and presented no particular problem. 
One patient reported greater ease in breathing as his nasal passages 
felt clear. Another stated his chest felt heavy and breathing was 
difficult. The most serious complication was a cardiac irregularity 
characterized by extrasystoles. This disappeared in 40 minutes. 
All symptoms of stimulation of the central and autonomic nervous 
systems had completely disappeared in 60 to 90 minutes. So in 
summary then there was only one possible serious toxic reaction — 
the cardiac irregularity out of a total of 51 intravenous injections. 
In the majority the reactions were so mild that discomfort was 
minimal. 

As indicated in the accompanying table, 22 patients were given 
benzedrine sulfate to take by mouth in prescribed doses of 10 to 
40 mg. at the onset of a migraine attack. Medication administered 
orally was not as successful as when given intravenously. Eight 
patients (36%) of the group obtained relief or had their paroxysms 
aborted in 30 to 60 minutes. In no case was oral medication effec- 
tive. if the desired reaction could not be obtained by intravenous 
administration. In comparing quantitatively the severity of the 
paroxysms of the patients, it became apparent that those patients 
who obtained relief by oral medication suffered from typical but 
mild attacks. These patients reported a difference in their subjec- 
tive response to the drug, depending upon whether it was taken 
at the time of an attack or on some other occasion. If taken during 
a paroxysm, toxic symptoms such as tension, restlessness, increased 
energy output and insomnia were usually less severe than on other 
occasions. 

In contrast to the patients with mild and infrequent paroxysms 
were 3 cases at the opposite end of the scale, having frequent and 
severe attacks. They responded well to benzedrine sulfate when it 
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was given intravenously. The frequency of their paroxysms, how- 
ever, was such a serious problem that it was decided to try the drug 
as a prophylactic agent. Small oral doses were administered fre- 
quently during the day in 2 cases and during the day and night in the 
third. A maintenance dose was found for each one of these patients 
which relieved them of their paroxysms, yet was not sufficient to 
cause toxic manifestations. 

The most interesting patient from this vieivpoint may be briefly 
presented: 

Case 1. She was a 34 year old married woman admitted to the hospital 
on Ma5'’ 16, 1941, because of severe migraine characterized by left-sided 
headaches, scotomata, nausea, vomiting and confusion occurring every 2 
to 3 days. Of interest was the fact that her father, mother, 2 paternal 
aunts and 2 sisters suffered from typical migraine. In this patient those 
attacks had been present for many years and had completely incapacitated 
her for the preceding 11 years following the birth of her only child. The 
attacks could be controlled only by tremendous amounts of morphine and 
its derivatives or barbital and its related compounds. For example, the day 
before admission she had been given 1 gr. morphine, 1 gr. pantopon and 
12 gr. phenobarbital. Following admission, there was a prolonged severe 
reaction due to withdrawal of these drugs. After recovery from this, she 
began to have frequent severe paroxysms almost daily and was completely 
incapacitated. She was refractorj’- to ergotamine tartrate as weU as various 
analgesics and salicylates, but responded promptly to benzedrine sulfate 
when administered intravenously in 20 mg. doses. This large amount was 
necessary not only to relieve the individual attack but also to cause a blood 
pressure rise. She was then placed on oral medication in 10 mg. doses 
ever}"- 4 hours. At first the drug was taken at 6 a.m. and 10 A.xr. Par- 
o.xysms then occurred only in the afternoons. The medication was then 
extended to 2 p.m. and 6 p.m. with the attacks then occurring during the 
night. Epinephrine m oil (2 cc.) was then added and injected intramuscu- 
larly at 10 P.M. resulting in complete relief for the patient. Finally benze- 
drine sulfate was substituted for the epinephrine, so that the total medica- 
tion the patient was taking consisted of 10 mg. at 6 a.m., 10 a.m., 2 p.m. and 
7.5 mg. at 6 p.m., 10 p.m. and 2 a.m. On this regime the patient has re- 
mained sjTnptom-free. She has become a lively, enthusiastic woman able 
to resume her life in society which for the preceding 11 years she had been 
unable to do. She has had only one period of return of her severe par- 
oxj'sms. This occurred when she exhausted her supply of medication and 
there was a delaj' in the replenishing of it. 

Summary and Conclusions. Twenty-five patients suffering from 
migraine were treated symptomatically with benzedrine sulfate. 
Twelve of 18 patients (67%) had their attacks aborted quickly 
when the drug was administered intravenously. Eight of 22 pa- 
tients (36%) obtained relief or had their paroxysms aborted when 
the drug was taken orally during the prodromal stage. Three 
patients having frequent and severe attacks became symptom-free 
when tlie drug was taken daily and in divided doses. 

This evidence seems to indicate that benzedrine sulfate is useful 
in the treatment of migraine. It may be used as a substitute for 
ergotamine tartrate when the latter is either ineffective or productive 
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of severe toxic symptoms. It may be administered by mouth daily 
in repeated small amounts as a means of preventing attacks in those 
patients suffering from frequent and severe paroxysms. 
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HYPOGLYCEMIA FOLLOWING ALCOHOLIC INTOXICATION 

By I-I, St. George Tucker, Jr., M.D. 

AND 

WiLLiAJi B. Porter, M.D. 

niCIIMOND, VA. 

(From the Department of Medicine, Medical College of Virginia) 

In the past few years, we have seen a number of patients brought 
to the hospital in a state of hypoglycemic coma following alcoholic 
intoxication. It has been suspected that these patients had been 
drinking a denatured alcohol solvent sold locally under the name of 
“ Solox,” but in no instance has this been proved. Recently, Brown 
and Harvey^ reported the occurrence of hypoglycemia in drinkers 
of “smoke,” a solvent identical in composition with “Solox.” The 
clinical features of our cases have been similar in all respects to 
those reported by these autliors. We have been unable to find any 
other account of this condition in the literature. 

The recognition of this occasional cause of unconsciousness would 
appear to be a matter of importance. In our cases, treatment with 
glucose solution intravenously has resulted in rapid recovery. We 
think that death might readily occur in an untreated patient. 

We have been able to add little to the observations of Brown and 
Harvey as to the cause of this type of hypoglycemia. In the hope 
that the condition may be more widely recognized and further light 
thrown on the nature of the disturbed metabolism, the following 
4 cases are reported: 

Case Reports. Case 1. E. L., a white man, aged 33, was admitted to 
Memorial Hospital on December 31, 1936, unconscious and hawng comml- 
sions. He liad been drinking bootleg whiskj* for an indefinite time, and 
was known to have had several drinks before retiring at 9 a.m. the morning 
before admis.sion. He had awakened at 7 p.m., and complained of feeling 
badly. In a short while he became unconscious. He was examined bv a 
phy.-^ician who found him relaxecl, and thought him drunk. Shortly after- 
war<l.< he began to have convulsions, was seen again by his physician, and 
sent to the hospital at 1 a.m. 
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On admission, the patient was completely unconscious, and ha%dng fre- 
quent tonic commlsions with opisthotonus. The pulse rate was 180, 
respirations were stertorous with a rate of 42, temperature 100.6° F (rectal), 
blood pressure 146 systolic, 68 diastolic. The pupils were dilated, but 
reacted to light. The neck was not sti,fl between convulsions. The ex- 
tremities were flaccid between convulsions, and no tendon reflexes were 
obtained. The remainder of the examination was negative. 

Urinalysis showed a specific gravity of 1.022, 2 + albumin, negative sugar, 
and positive acetone. There were occasional white and red cells, and 
many hyaline and granular casts in the urinary sediment. Blood counts 
showed 4.9 million er3’^throcytes, 96% hemoglobin, 20,000 leukocytes with 
88% neutrophils, 8% lymphocytes and 4% monocytes. The blood sugar 
was 25 mg. per 100 cc., the non-protein nitrogen 50 mg. per 100 cc. The 
Kline test was negative. 

It was at first thought that the patient might have strychnine poisoning. 
Gastric lavage was done, and large doses of sodium phenobarbital given 
h3'’podermically. This resulted in complete relaxation. Lumbar puncture 
revealed a clear fluid under 160 mm. pressure, containing 3 cells. IVhen the 
report of the low blood sugar was obtained, 50 cc. of 50% glucose solution 
were given intravenously. Within a few minutes, the patient regained 
consciousness and asked for whisky. He remained conscious, and ^yas 
able to take a liquid diet the follondng daj^. The blood sugar the morning 
after admission had risen to 224 mg. per 100 cc. His further course was 
uneventful, some sedation being given for restlessness. He was discharged 
on January 2, 1937. 

Case 2.— E. B., a negress, aged 35, was admitted to St. Philip Hospital 
on November 8, 1938, unconscious. She was knovm to have been a heavy 
drinker for many j^ears, and 1 year previously had spent several months 
in a mental hospital. The reason for her commitment was not known. 
WTien seen, she was said to have been drinking for 4 days. She had been 
asleep off and on for 24 hours, and 4 hours before admission had become 
completely comatose, and could not be aroused at all. 

The patient was of a very small stature and slight build (height 4 feet 
inches, weight 88 pounds). She was unconscious on admission, but 
roused slightlj*^ to painful stimuli. The temperature was 100.2° F. (rectal), 
pulse rate 110, respiratorj' rate 22; blood pressure, 125 systolic, 80 diastolic. 
The pupils were equal and reacted normally to light. The neck was not 
stiff. All extremities were held in rigid extension. The tendon reflexes 
were sjunmetrically hyperactive, and sustained ankle clonus and positive 
Babinski reflex were present bilaterally. The remainder of the examina- 
tion was negative. 

Urinah'sis was entirr’-- ‘■v'- ■■ ’mg a negative test for acetone. 

Blood counts showed 5 ' ■_ ■ ■ ■ 95% hemoglobin, 13,800 leuko- 

cytes with 73% neutrophils, 23% lymphocj^tes, 4% monocj'tes. The blood 
sugar was 20 mg. per 100 cc., the non-protein nitrogen 23 mg. per 100 cc. 
Blood ICline and Wassermann tests were positive. 

Subarachnoid hemorrhage, or some other form of cerebral accident was 
suspected. A lumbar puncture revealed a clear spinal fluid which con- 
tained 14 cells, 6 neutrophils and 8 Ij'mphocjdes. Wassermann and mastic 
tests were negative. Hj^roglycemia was not suspected until the low blood 
sugar was reported 2 hours after admission; then, 30 cc. of 50% glucose 
solution were given. The patient soon woke up in a rage. She talked at 
random all night, but was able to take liquids. The following morning, the 
blood sugar was again low, 56 mg. per 100 cc., and 2 days later 51 nig. 
The patient’s mental status improved slowly. Two daj’s after admission, 
she appeared to be entireh' rational and othennse well, and remained so. 

Glucose tolerance tests (100 gm. of glucose by mouth) showed the fol- 
lowing results: On November 11,3 daj-s after admission: CO mg. (fasting), 
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110, 123 and 122 mg., in 1 and 2 hours respectively; on November 16: 
74 mg. (fasting), 89, 70, 84, 80 and 73 mg., in 1, 2, 3 and 4 hours respec- 
tively; on November 21: 66 mg. (fasting), 70, 64, 50, 60, 60 and 64 mg., 
in Ij, 1, 2, 4, 5 and 6 hours respectively. 

Roentgen ray of the skull showed the sella turcica to be normal, and 
the pineal body to be calcified and not shifted. On November 22 the basal 
metabolic rate was -25%. At this time the serum cholesterol was 210 mg. 
per 100 cc. ^ 

The patient was placed on desiccated thjToid, U.S.P., 2 gr. 3 times daily. 
She was discharged on November 26, to be followed in the out-patient 
department, but failed to return. 

Case 3.— J. D., a negro barber, aged 33, was first admitted to St. Philip 
Hospital on July 31, 1939, unconscious. He was known to be a chronic 
alcoholic, and was said to have been hospitalized elsewhere 1 year before 
for delirium tremens. He had begun drinking the day before admission, 
and had returned home at 1 p.m. the day of admission and gone to bed. 
At 7 P.M. his wife could not arouse him. He had remained comatose until 
brought to the hospital at 10 p.m. There had been no previous episodes of 
unconsciousness. 

When seen, the patient was in profound coma, not responding to any 
stimuli. The temperature was 97° F. (rectal), pulse rate 68, respiratory 
rate 18, and blood pressure 140 systolic, 90 diastolic. The pupils were 
small, equal and reacted to light. The fundi were normal. The neck was 
not stiff. There were scattered rhonchi throughout the lungs. The ex- 
tremities were flexible, but the tendon reflexes were uniformly hyperactive. 
A questionable Babinski reaction was present bilaterally. There was no 
ankle clonus. The nails of the fingers and toes were clubbed. The re- 
mainder of the examination was negative. 

Urinalysis was negative except for a trace of acetone. Blood counts 
showed 4.4 million erj^hrocytes, 85% hemoglobin, 5200 leukocytes (66% 
neutrophils, 32% lymphocytes and 2%_monocytes). The blood sugar was 
25 mg. per 100 cc., the blood non-protein nitrogen 39 mg. per 100 cc. The 
Kline test was negative. Lumbar puncture revealed a clear spinal fluid 
under 80 mm. of pressure. There were no cells, and the spinal fluid Wasser- 
mann test was negative. 

Hypoglycemia was suspected, and an intravenous infusion of 10% glu- 
cose solution was begun. The patient regained consciousness within a few 
ininutes, and seemed fairly rational. He was given high carbohydrate 
liquid feedings, and remained fairly well until the second da 3 ’^ when delirium 
tremens developed. This was controlled with large doses of barbiturates. 
The fasting blood sugar on the second day was 113 mg. per 100 cc. Glucose 
tolerance te.st (100 gm. of glucose by mouth) 1 week after admission showed 
the following blood .sugar levels: 90 mg. (fasting), 91, 142, 105 and 57 mg. 
in .1, 1, 2 and 4 hours re.spcctivelj\ 

The liver edge, which had not been felt on admission, was subsequently 
found to be palpable 5 cm. below the right costal margin. No cause was 
found for the clubbing of the nails, which was stated to have been present 
since birth. The patient was discharged on August 19, 1939. 

On November 10, 1940, 15 months later, the patient was again brought 
to the hospital unconscious. He had been found in this state in the hall 
of his rooming house. His wife had been separated from him for a vear, 
and knew nothing of his recent activities. The patient subsequently stated 
that ho had been drinking heavily for 4 months. The last thing he remem- 
bered was speaking to a friend in the rooming house about 12 hours before 
ho was brought to the hospital. He could not remember when he had 
eaten last. 

The jiatient was completely unconscious and ice cold. The temperature 
was not recorded: the pulse was irregular and feeble, with a rate of 86. 
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The blood pressure could not be obtained. The respiratory rate was 24. 
Both pupils were pinpoint, and did not react. The neck was not stiff. 
The lungs were clear, and the heart w^as not remarkable except for the 
irregular rhythm. The abdomen w'as held rigid. There was rigid spastic- 
ity of all extremities, unth fine generalized convulsive tremors at times. 
The tendon reflexes at first could not be elicited because of spasticity, 
later they were uniformly h}'peractive. The plantar reflexes were com- 
pletety absent. The nails were clubbed. 

Urinatysis was entirely negative, including a negative test for acetone. 
The blood counts were entirely normal. Blood taken at the time of admis- 
sion showed blood sugar 32 mg. per 100 cc., blood non-protein nitrogen 
36 mg. per 100 cc., total serum cholesterol 192 mg., esterified cholesterol 
156 mg., and free cholesterol 36 mg. per 100 cc. The lOine test was 
negative. 

Hot water bottles and blankets were applied to the patient’s body, and, 
because of the pre%'ious history of hypoglycemia, 50 cc. of 50% glucose 
solution were given intravenousty as soon as blood for chemistry had been 
drawn. The patient regained consciousness wdthin a few minutes, and was 
able to take liquid nourishment. He remained rational thereafter. The 
fasting blood sugar level on the second day was 103 mg. per 100 cc. 

After 3 days on a high carboh 5 ^drate diet, glucose tolerance test (50 gm. 
of glucose by mouth) showed the foUovdng blood sugar values: 101 mg. 
(fasting), 150, 156, 82, 87 and 89 mg. in 5 , 1, 2, 3 and 4 hours respectively. 

Three days after admission, the patient complained of peculiar sensations 
and coldness in his feet. There was found to be a generalized hyperesthesia 
of both feet and ankles. The tendon reflexes were still hyperactive. A 
deficiencj’’ neuritis was suspected, and large doses of thiamin chloride were 
given parenterally, with gradual improvement in these sjunptoms. An elec- 
trocardiogram before thiamin was begun showed slight elevation of Sti and 
St; with low voltage of all T waves. 

Subsequent glucose tolerance tests were done (100 gm. of glucose by 
mouth). On November 29, the blood sugar levels were 95 mg. (fasting), 
124, 130, 106, 74, 55 and 98 mg. in f, 1, 2, 3, 4 and 5 hours respectively. 
On December 10, the levels were 88 mg. (fasting), 122, 110, 110, 50 and 
65 mg. in 5 , 1, 2, 3, 4 and 5 hours respectivety. 

In an attempt to demonstrate evidence of liver disease, other studies 
were undertaken. These were done, however, after several days on a_ high 
carbohydrate diet, and after thiamin had been given. The icteric index 
was 8 units. The serum phospholipids were 8 mg. per 100 cc. The oral 
hippuric acid excretion test* (6 gm. of sodium benzoate by mouth) showed 
excretion of 3.2 gm. of hippuric acid in 4 hours. The intravenous hippuric 
acid e.xcretion test" (1.77 gm. of sodium benzoate intravenously) showed 
excretion of 1.28 gm. of hippuric acid in 1 hour. These results are not 
indicative of liver damage. 

A Roentgen ray of the skull showed a normal sella turcica, and no other 
abnormalities. The basal metabolic rate was — 6 %. 

The patient’s further course was marked onty by a respiratory infection. 
He was discharged on December 10, 1940. 

C.\SE 4. H. J., a negro aged 41, was admitted to St. Philip Hospital on 
August 21, 1941, unconscious. He was a known chronic alcoholic. Sub- 
sequently it was learned that he had consumed a large quantity of whiskj' 
on the day before admission. He retired at midnight and arose at 6.30 a.m. 
the day of admission, and ate one sausage and a biscuit. His last recollec- 
tion was of setting out for work. He was found unconscious on the street, 
and brought to the hospital at 8.45 a.m. 

When seen, the patient was complete^ unconscious. The skin was cold 
but dr>’. Respirations were shallow with a rate of 15. The pulse was 
feeble and had a rate of 88 . The temperature was 95.6° F. (rectal), and 
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the blood pressure 150 systolic, 100 diastolic. The pupils were constricted 
and equal. There was a slow side-to-side conjugate movement of the eyes. 
The lungs were filled with rhonchi. The extremities were flaccid; no tendon 
reflexes were elicited, and no pathologic reflexes were present. 

Urinalysis was negative except for a 2+ acetone. The blood counts 
were not remarkable. The blood sugar on admission was 38 mg. per 100 cc., 
the blood non-protein nitrogen 36 rag. per 100 cc. The serum carbon 
dioxide combining power was 45.7 vol. %. The total serum cholesterol 
was 290 mg., esterifled cholesterol 135 mg., and free cholesterol 55 mg. 
per 100 cc. The blood acetone bodj-^ levefl was 6.7 mg. per 100 cc. The 
Kline and Wassermann tests were positive. 

Hypoglycemia was suspected, and the patient was given an intravenous 
infusion of 1500 cc. of 5% glucose in normal saline solution. He regained 
consciousness within a few minutes. He was able to take a high carbo- 
hydrate diet during the day of admission and thereafter. Because of sus- 
pected vitamin deficiency, thiamin, nicotinic acid and Brewer’s yea^t were 
also given. On the second morning, the fasting blood sugar level was 
90 mg. per 100 cc. 

On August 26, 5 daj's after admission, glucose tolerance test (100 gm. of 
glucose by mouth) showed the following levels: 109 mg. (fasting), 298, 
186, 174, 102 and 95 mg. in -J-, 1, 2, 3 and 5 hours respectivel3^ On August 29, 
an intravenous insulin tolerance test® (0.1 units of regular insulin per kilo 
of body weight) showed the following blood sugar levels: 95 m^. (fasting), 
60, 56, 71 and 77 mg. in 20 minutes, 1, l^- and 2 hours respectively. Ad- 
renalin was then given intramuscularl}’’ (0.01 cc. of 1 to 1000 solution). 
Blood sugar levels of 90 and 91 mg. were obtained 45 and 60 minutes 
after adrenalin. 

On August 22, the total serum protein was 8.2 gm., albumin 5 gm. and 
globulin 3.2 gm. per 100 cc. On August 28, an intravenous hippuric acid 
excretion test" showed excretion of 0.28 gm. of hippuric acid in 1 hour. 
This is a subnonnal excretion. A Roentgen ray of the skull showed a 
normal sella turcica, and no other abnonnalities. The basal metabolic 
rate was -1-1%. 

The patient’s further course was uneventful, and he was discharged on 
August 30, 1941. 

Ck)mment. The histories of these patients are strikingl.y similar. 
In caeh case a known alcoholic had engaged in a recent bout of 
drinking. In every case unconsciousness came on 8 to 12 hours 
after the last known drinking, the patient frequently having slept 
overnight and awakened before lapsing into hypoglycemic uncon- 
sciousness. 

Little reliable information could be obtained as to the amount of 
food recently taken. As with most alcoholics, it might be assumed 
that they had eaten little. 

In the cases of Brown and Harvey, 3 of the G patients gave a history 
of drinking “smoke,’ a denatured alcohol solvent containing methxd 
alcohol, gasoline and ethyl acetate. It is well known that an 
identical preparation sold under the name of “Solox”* is widely 

..o United States Industrial Chemical Company, 

Solox” IS the trade name for a shellac solvent manufactured in accordance with 
the followiuK formula; Denatured alcohol formula No. 1, 100 pallons; ethvl acetate 
o Rnllons; aviation Rnsoline, I callon. Denatured alcohol formula No. 1 is prepared 
hy adihuK 5 pallons of methyl alcohol to 100 sallons of 100 proof commercial ethyl 
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used in Richmond as a beverage. It was suspected that all of our 
patients had been drinking “Solox,” but, in spite of considerable 
effort spent in questioning them, its use could not be established. 
One of the patients had been drinking bootleg whisky. Another 
insisted he had drunk only “store whisky.” It is likely that the 
use of “ Solox” would be denied because of fear of legal complications. 

The physical findings in our cases were similar to those in the 
Baltimore cases, and were essentially the findings of hypoglycemic 
coma.® All the patients were totally unconscious. In none of our 
cases was an alcoholic breath odor described. This may be ex- 
plained by the interval between the last drinking and the onset of 
hypoglycemic symptoms. The usual neurologic finding was extensor 
rigidity of all extremities, with increased tendon reflexes. In 1 case, 
there were fine convulsive twitchings, and in 1 , repeated convulsions 
with opisthotonus. One patient showed flaccid limbs, and no ten- 
don reflexes could be obtained. Conjugate side-to-side movement 
of the eyes was present in 1 patient. The findings were such that 
a cerebral accident, particularly subarachnoid hemorrhage, was 
suspected in most of the cases. 

The diagnosis was established by the finding of a very low blood 
sugar level. In the later cases, glucose was given before the blood 
sugar levels were reported, and the immediate response established 
the diagnosis of hypoglycemia. The only other significant labora- 
tory finding on admission was the presence of acetonuria in 3 of the 
4 cases, and an elevation of the blood acetone bodies in the 1 case 
in which this was determined. 

In all but 1 of the patients, the response to glucose was imme- 
diate, and complete, no relapses occurring. One patient (Case 2) 
did not recover completely for 2 days. This patient showed other 
findings that indicated a more fundamental disorder of carbohydrate 
metabolism, which will be discussed. 

Several lines of thought presented themselves when an attempt 
was made to explain the cause of the hypoglycemia. 

First, it was suspected that these patients might have an inherent 
abnormality of carbohydrate metabolism, hypoglycemia being pre- 
cipitated by low food intake. The occurrence of repeated attacks 
in the same individual, both in our cases and in the Baltimore cases, 
suggested this. Such an abnormality would probably involve an 
endocrine dyscrasia. The endocrine system was investigated in 3 
of the 4 patients. In Case 2, the small stature of the patient, flat 
glucose tolerance curves, and low basal metabolic rate were definitely 
suggestive of hypopituitarism. Unfortunately, other studies were 
not carried out, but it seems very likely that this patient had the 
“ hypoglycemic unresponsiveness” associated with anterior pituitary 
insufficiency,® and that se\'ere hypoglycemia was precipitated by 
alcoholism and starvation. In the other 2 patients studied, there 
was no evidence of any endocrine abnormality. The glucose toler- 
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ance curve was normal in 1, slightly hyperglycemic in 1, and an 
insulin tolerance test normal in 1. These tests were done after 
recovery, but should demonstrate any inherent metabolic defect 
present. Basal metabolic rates were normal, and Roentgen rays of 
the sella turcica showed no suggestion of pituitar\' tumor. 

The question of liver disease with impaired capacity for glycogen 
storage was considered. All the patients were chronic alcoholics, 
and might be expected to have some liver damage. In the 2 patients 
in whom tests of liver function were done, there was questionable 
evidence of impaired function in 1. In Case 4 there was diminished 
excretion of hippuric acid, and the hyperglycemic glucose tolerance 
curve might be considered as sugge.stive of liver damage.'’ The 
serum cholesterol and cholesterol esters were normal, as were the 
total and fractional proteins. In Case 3 all the liver function tests 
were normal. Brown and Harvey noted questionable impairment 
of liver function in 1 of 6 patients. In both groups of cases, most 
of the studies were done after recovery, and do not indicate the 
state of liver function on admission. However, it does seem that 
there is little evidence of any residual liver damage, and that any 
changes present must have been transient. 

In 1 patient, there was a suggestion of vitamin deficiency in the 
development of symptoms of peripheral neuritis, and thiamin was 
given. However, we are not aware of any association between defi- 
ciency of any of the known vitamins and hypoglycemia. None of 
the other patients .showed any manifestations of deficiency. 

Diminished food intake and depletion of liver glycogen may well 
have been a factor in the development of hypoglycemia in these 
patients. However, moderate periods of starvation do not lead to 
severe hypoglycemia.- Xor do the great majority of alcoholic 
patients, many of whom have eaten little, show any such lowering 
of the blood sugar. 

The transient nature of the hypoglycemia and the absence of evi- 
dence of endoerine dyscrasia or of liver disease following recovery, 
suggest that a toxic factor is responsible. It seems likely that 
these patients had been drinking some form of denatured alcohol, 
and that one of the denaturing substances present is responsible for 
the hypoglycemia. Brown and Harvey were unable to demonstrate 
lowering of the blood sugar in dogs that were fasted for 48 hours, 
and given “smoke” by stomach tube. Perhaps a longer period of 
intoxication is necessary to reproduce the picture seen clinically. 

The nature of the disturbance of carbohydrate metal)olism is not 
known. We are inclined to agree with the suggestion of Brown and 
Harvey that there is interference with gluconeogenesis. The blood 
sugar of a fasting individual is maintained after depletion of the 
original glycogen stores by the continued release into the blond of 
carbohydrate formcfl from protein in the liver.- It seems plausible 
that in these patients, either because of temporary damage to liver 
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function generally or by specific inhibition of gluconeogenesis by 
the toxic substance, this conversion is prevented, and hypoglycemia 
results. The ketonemia and ketonuria observed are probably simi- 
lar to those seen in other forms of hypoglycemia with or without 
depletion of liver glycogen,® and are thought to be due to excessive 
breakdown of fat in the liver accompanying increased hepatic 
glycogenolysis. 

Conclusions. L Four cases of hypoglycemic coma following alco- 
holic intoxication are reported. 

2. It could not be established what these patients had been 
drinking. 

3. In each case hypoglycemia occurred 8 to 12 hours after the last 
drinking. 

4. The usual clinical manifestations were unconsciousness and 
extensor rigidity of the limbs with increased tendon reflexes. 

5. All the patients recovered Avhen glucose solution was given 
intravenously. 

0. One of the patients was thought to have hypopituitarism. 
The other patients showed no evidence of any endocrinologic dis- 
order. 

7. Following recovery, there was onlj' questionable evidence of 
impaired liver function in 1 patient. 

8. The possible presence in the alcoholic mixture consumed of a 
substance having a toxic effect on carbohydrate metabolism is 
discussed. 

REFERENCES 

1. Behre, J. a.: J. Biol. Chora., 13S, 25, 1940, 

2. Best and Taylor: The Physiologic Basis of Medical Practice, Baltimore, 
Williams & Wilkins Company, p. 978, 1940. 

3. Brown, T. McP., and Harvey, A. M.: J. Am. Med. Assn., 117, 12, 1941. 

4. Conn, J, W.: J.' Am. Med. Assn., 115, 1609, 1940. 

5. Fraser, R., .^ldright, F., and Smith, P. H.: J. Clin. Endocrinol., 1, 297, 1941. 

G. JosLiN, Root, White and M-arble: The Treatment of Diabetes Mellitus, 

Philadelphia, Lea & Febiger, 1940. 

7. Quick, A. J.: Am. J. Digest. Dis., 6, 716, 1939. 

8. Quick. A. J.: Am. J. Clin. Path., 10, 222, 1940. 

9. SoMOGYi, M.: Proc. Soc. Exp. Biol, and Med., 45, 644, 1940. 


DETOXIFICATION OF PROGESTERONE DERIVATIVES 
IN THE LIVER* 

By C. P. Leblond 

LECTURER, DEPARTMENT OF ANATOMY, MC GILL UNIVERSITY, 

MONTREAL, CANADA. 

The liver is tlie essential organ for the detoxification of estro- 
gens” '^-’' -‘ -^ auf! other steroids, especially progesterone.*’ Since 
prcgnanediol is considered the end-product of progesterone inetab- 

♦ This investigation was supported by a grant from the John and Mno' Marldc 
Foundation. 
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olism in man,"’’ it was thought that this compound might escape 
detoxification liy the liver. This possibility was examined by 
comparing the activity of pregnanediol in normal and hepatecto- 
mized animals. But the results did not necessarily indicate a true 
detoxification by the liver. Therefore several other possible inter- 
pretations of the results were- examined such as storage of the 
steroids in the liver, excretion into the bile, and so on. 

Experimental Results. The activity of pregnanediol Avas compared in 
two groups of 5 young female rats weighing about 30 gm.; in the fir.st group 
the animals were hepatectomized by the Selye and Waelsch method, which 
removes 75% of the liver the animals in the other group were used as 
controls. As a test of the activitj’’ of pregnanediol, we used the anesthetic 
liower evidenced b 5 ’' this steroid when it is administered by the intraperi- 
toneal route.'^ A single injection of 20 mg. of pregnanediol in 1 cc. of peanut 
oil was given to rats partiallj’’ hepatectomized 3 hours previously and to 
their normal controls. A i)arallel experiment was performed with preg- 
nanedionc, a possible intermediary between pregesterone and pregnanediol. 
A dose of 5 mg. of pregnanedione in 0.25 cc. of peanut oil was administered 
intraperitoneallj'- to 5 normal and 5 partially hepatectomized female rats 
weighing about 50 gm. The results (Table 1) showed a much greater 
anesthetic activit}" of the 2 steroids in the partially hepatectomized rats. 

Taiii.k 1.— Influence of Pahtial Hepatecto.my on .‘Anesthetic Activity of 

Progesterone Deriv.vtives 

Decree of niie.sthesin. 



Intraperitoiical 

doso 

Intact 

Partially 

hepatectomized 


(niK.) 

.animals 

animals 

Prof!c.stcroiio (after .Solyo) 

o 

Light 

Deep 

Profiiiancdiol 

, 20 

None 

Light 

Prognancclione 

5 

Trace 

Deep 


Tlie reduction in anesthetic activity by the liver may be due to its 
location in the path of absorption of the steroids since thej’’ were intra- 
peritoncally injected. To answer this question, advantage was taken of 
the fact that, alone among steroids, pregnanedione produces anesthesia 
even when injected subcutaneously.** Five or 10 mg. of this compound 
were given by the .subcutaneous route to normal and partially hepatectom- 
ized rats weighing about 50 gm. The difference between the two groups of 
animals (Table 2) was as marked as in the preceding experiments (Table 1). 
The anesthesia after removal of the liver lasted over 24 hours and even in 
one case 51 houns. In the nonnal controls, there were either no .sj-miitoms 
at all or only a .slight excitement in the 2 hours after the injection. 


Tahi.e 2.— Influence or Partial Hef.atectomy on .Activity of Pregnanedione 

Given Sviicutaneously 


Do'.c 

5 niR. 
10 me. 


Dccii'f of nn<‘stlip.'i;i. 


Int.'ipt 

Miiinial'. 

None or trace 
Trace 


Partially 

lippatcrtomirpil 

animals 

Deep 

Deep 


1 he iK'ssibility that steroids might be stored in the liver without being 
(lestrtn-ed was examined by .-malyzing the extracts from the livers of animab 
trcatetl witli pregnanediol or pregnanedione. Aqueeius and ether-alcohol 
extracts” of the liver were tested for the iircsence of steroids, bv intra- 
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peritoneal injection into partially hepatectomized rats. In the case of 
pregnanedione, three groups of 4, 7, and 11 rats weighing about 30 gm. 
received 5 mg. of this compound per animal subcutaneously and were 
sacrificed at 24, 36 and 48 hours, respectively, after the injection. It must 
be noted that 24 hours after the injection of the same dose of pregnanedione, 
hepatectomized rats are in deep anesthesia and their organism is therefore 
flooded wdth the steroid. If in the normal animals the steroid were stored 
in the liver, there would be enough hormone in the liver to induce sleep 
in a partially hepatectomized rat. Horvever, the pooled extracts of 4, 7 
or 11 rats, respectively, did not anesthetize one partially hepatectomized 
rat. Similar negative results were obtained in one experiment with the 
livers of 5 rats given ’’ ’ 

The possibility tha' ■ was due to the elimination of the 

steroids in the bile was examined by preventing bile excretion surgically. 
The two main branches of the bile duct were ligated as closely as possible 
to the liver in a group of 6 young 50 gm. rats. In addition a third ligature 
was placed on the main bile duct formed by the junction of the branches. 
Bile pigrnents appeared soon in the urine of these animals, indicating 
interruption of bile secretion bj' the liver. After checking for the presence 
of pigment in the urine, a subcutaneous injection of 5 mg. of pregnanedione 
was given to the animals 24 hours after the operation. In spite of the 
absence of biliary excretion, no anesthesia was produced, while in intact 
animals given the same dose of the compound marked narcosis ensued. 

Discussion. As long as the increased effectiveness of pregnanediol 
or pregnanedione after partial hepatectomy w'as observed only 
after intraperitoneal administration, it was not an absolute proof 
of the detoxification of these substances in the liver. It appeared 
possible that the liver reduced the activity of the steroids only when 
they were absorbed through the portal vein. When the ability of the 
liver to inactivate steroids has been observed in vivo, it was usually 
after intraperitoneal administration. Thus Golden and Sevringhaus 
observed that ovaries transplanted to the mesentery did not induce 
estrus in spayed females.® If later on the same ovmries were placed 
in the axilla, estrus appeared. Similarly Biskind and Mark found 
a reduction in the activity of pellets of estrone or testosterone 
implanted in the spleen, while these pellets were active when placed 
outside the peritoneal cavity.- Evans and Burr with estrone,® 
Segaloff and Nelson with estradiol,'® Albrieux and colleagues with 
progesterone,'* Pels with estrone and stilbestrol,® reported likewise 
a smaller activity by peritoneal than by subcutaneous administra- 
tion. It was important to decide whether the liver could also 
reduce the activity of steroids administered otherwise than intra- 
peritoneally. Subcutaneous administration of pregnanedione to 
normal and partially hepatectomized animals (Table 2) demon- 
strated that partial removal of the liver greath' enhanced the 
activity of the steroid. Therefore the liver decreased the activity 
of pregnanedione, whatever the path of absorption may be. The 
quoted experiments' - ® ' ® '® simply indicate that the ability of the 

* Rceeutiy Fcls ami Monaco" observed no inactivation of prORCStcronc l)y the 
liver, contraiy to wclI.cstabHshcd results of Sclyc-“ and others." 
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liver to reduce the activity of steroids is more easily exerted in 
case of absorption through the portal system. 

The liver may act on the steroids in three different ways. The 
compounds are either inactivated by the liver cells (true detoxi- 
fication), or excreted into the bile, or stored in the liver and released 
too slowly for their effect to be exerted. Such a storage of the steroids 
in liver cells, similar to what has been found in the case of cholesterol 
itself,!’ could explain the reduction in the anesthetic power of the 
steroid in presence of the liver, since the intrahepatic accumulation 
of the compound would prevent the flooding of the steroid in the 
body, necessary for anesthesia.!® However, the investigations per- 
formed with extract of livers showed no anesthetic activity and 
therefore no accumulation of steroids in that organ. 

The possibility of excretion of steroids into the bile was indicated 
by the finding of estrogens in that fluid.'*’® •!'’•!“ When fairly large 
amounts of estrogens were injected, only a small percentage of the 
administered amount, namely 13%“ or from 1 'to 8%!® could be 
found in the bile. Such a small biliary excretion could not account 
for the large increase in the activity of the steroids after removal of 
the liver. A recent report by Cantarow, A., Rakoff, A. E., 
Paschkis, K. E., and Hansen, L. P.,® indicates that the intravenous 
injection of very large doses of estrone is followed by a marked 
excretion of estrogen in the bile. The method of injection and 
the magnitude of the amounts used are such as to explain the dis- 
crepancy between their results and those of other investigators, 
rndeed our e.xperimental results showed that, in the absence of 
bile excretion, the liver completely retained its ability to reduce 
the activity of the steroids. 

The only remaining possibility is that of an inactivation, that is 
to say, a true detoxification of the steroids by the liver tissue. In 
vitro experiments with other steroids led to the same conclusion: 
thus, estrogens were reported to be destroyed by a liver mash!!’®^ 
or by perfusion through the liver.!® 

Conclusions. 1. Free pregnanediol is detoxified in the liver. 

2. Experiments with pregnanediol and pregnanedione indicate 
that detoxification of these substances by the liver is not essentially 
dependent upon the path of absorption; it is not due to storage in 
the liver or to excretion in the bile, but is the result of an inactiva- 
tion by the liver cells. 
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A NEW CONCEPT OF THE CAUSE OP PATENCY OF THE 
DUCTUS ARTERIOSUS* 

By j. Allen Kennedy 

instrl'ctor in clinical .medicine, Vanderbilt .medical school; director of 

HEART STATION, VANDERBILT HOSPITAL; ASSOCI.YTE VISITING PHt'SICIAN, 
.MEDICAL CLINIC, VANDERBILT HOSPITAL; ASSIST.VNT VISITING 
PHYSICIAN, VANDERBILT HOSPITAL, NASHVILLE, TENN. 

(From the Department of Medicine, Vanderbilt Medical School) 

The cause of closure of the ductus arteriosus is a problem which 
is both fundamental and important to our knowledge of physiology 
of the fetus at birth and to our understanding of one of the common 
forms of congenital heart disease, patency of the ductus arteriosus. 
Yet, this problem has remained unsolved and largely une.xplored 
by experimental research until recently. 

There have been many theories put forward to explain the mechan- 
ism of closure of the ductus arteriosus, but for the most part these 
have not been supported by experimentally observed facts. Yells 
in 1 nOS’ summarized the more important of these theories of closure 
as follows: the expansion of the large bronchi at the onset of breath- 
ing compresses the ductus arteriosus; thrombosis in its lumen and 
subsequent adhe.sion of the wails closes the ductus; bending of the 
arch of the aorta by increased pressure after birth causes closure; 
hegimiing of respiration causes a change in position of the thoracic 

* Read before the Annual Meeting of the .-tmcrican Federation for Clinical 
Research, Minneapolis, Minn., .Vpril 20, 1942. 
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viscera and tliis causes tension and collapse of the ductus; fibrous 
growth in the intiina leads to occlusion; active contraction of the 
layers of the wall of the ductus closes it; fibrous bands passing over 
the ductus are connected with the. diaphragm and upon descent of 
tlic diaphragm Avith respiration the bands are pulled doAvn and 
occlude the ductus; a thin crescentic fold of tissue present at the 
aortic end of the ductus acts like a valve in preventing the flow of 
blood from the aorta into the ductus. 

Wells had a clear conception of the conditions that must be satis- 
fied for any theory of closure to be valid. He wrote (p. 388) that 
closure of the ductus “ is a physiological process taking place sponta- 
neously and instantaneously in every newborn child, and therefore 
there must be some mechanism which can be relied upon always to 
perform this occlusion. Any explanation which involves connective 
tissue jjroliferation must be inadequate, for the duct is patent and 
carrying on its full function up to the moment of delivery, and then 
is at once occluded when the child begins to breathe; it is necessary 
to distinguish between the instantaneous occlusion of the duct and 
its .subsequent obliteration.” 

We have recently presented experimental work which clarifies to 
some extent the mechanism of closure of the ductus arteriosus 
(Kennedy and (dark* -), and which forms a basis for a new concept 
of the cause of patency of the ductus arteriosus. 

I'sing guinea i)igs we have found that closure of the ductus nor- 
mally occurs in two distinct ])hases: the first is a muscular contrac- 
tion of the wall of the ductus requiring several minutes, folloAving 
this the ductus remains closed. The second phase consists essen- 
tially in replacement of the miuscular tissue in the Avail by fibrous 
connective tissue, resulting in the ligamentum arteriosum. The 
latter process requires about 1 month in the guinea pig. 

Near the end of fetal life the ductus arteriosus is a potentially 
contractile structure Avhich remains open during fetal life as far as 
Ave have observed. HoAvever, it has the ability to close in response 
to various stimuli, to remain closed during continuation of the 
stimulus, and under certain conditions, to open again after the 
stimulus has ceased. I nder the proper circumstances this sequence 
of closure and opening can be repeated many times. ^Mechanical 
or electrical stimulation of its Avail or of nearby tissue Avill cause it 
to close i)romptly Avithin about 1 minute. 

Other than mechanical or electrical stimulation, the most reliable 
stimulus to closure is breathing or intermittent inflation of the lungs 
Avith air. In our experiments the onset of normal breathing after 
birth AA’as abvays folloAA'cd by closure of the ductus arteriosus in 
froin 3 to 10 minutes. Inflating the lungs Avith intermittent puffs 
<’f air through a tracheal cannula (in order to simulate breathing 
artifieialiy) causes clo.sure of the ductus in healthy fetuses AA'ithin 
several minutes. 
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We have also obser^^ed closure of the ductus following injection 
of adrenalin, following mechanical stimulation of the carotid sinus, 
and after the fetus had experienced a brisk hemorrhage. 

It seems likely that under physiologic conditions breathing is the 
most important cause of closure. 

In our artificial breathing experiments (inflation of lungs through 
a tracheal cannula) we found that when air or pure oxygen is used 
closure occurs regularly; however, when pure nitrogen is used 
(oxA'gen being rigidly excluded from the gas used for inflation), the 
ductus fails to close. Our observations indicate that oxygen is a 
necessary component of the inflation mixture for closure to occur. 
In view of these results, it occurred to us that the introduction of 
oxygen by a route other than the lungs might cause closure. With- 
out inflating the lungs, oxygen was injected slowly in tiny bubbles 
into the umbilical vein. This resulted in closure of the ductus. 

Our obseiA^ations have led us to a new concept of the ductus 
arteriosus. It is a potentially mobile structure and is able to 
actively' close by contraction of its muscular wall in response to 
certain definite stimuli, much as manj'^ other hollow, smooth muscle 
structures. Under the conditions of our experiments, if the stimu- 
lus ceases, the ductus will open again. This active muscular con- 
traction with obliteration of the lumen is the first phase of closure 
of the ductus arteriosus and oecurs during the first few minutes 
following birth, under normal circumstances, beginning with estab- 
lishment of effective respiration. In normal animals the ductus 
remains closed after this initial closure and is finally transformed 
into the ligamentum arteriosum (Kennedy and Clark')- 

We belie've that it is the interruption of the first phase or the initial 
closure that causes patency of the ductus arteriosus. In other words 
it is an interruption of a normally occurring or physiologic process, 
not some bizarre malformation, which produces this type of con- 
genital heart disease when it occurs unassociated with any other 
defect. 

We ha^'e observed patency of the ductus arteriosus, under certain 
conditions, in guinea pigs which lived several hours after birth. 

It is our opinion based upon these experiments, although we are 
unable to offer direct evidence to support it, that ^dgorous respiration 
with high concentrations of oxygen just after birth will promote the 
prompt closure of the ductus arteriosus in humans. 

It seems appropriate here to point out that an approach to this 
problem through its pathology is inadequate; that is, a study based 
wholly on postmortem specimens will riot give the observer an 
accurate idea of the true state of the ductus during life. Many 
times during our experiments we have seen a ductus arteriosus, 
which was open at the time of the animal’s death, close as a result 
of dissection in the vicinity of the ductus several minutes or longer 
after death. We have also occasionally observed a ductus arteriosus 
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which was closed at the time of death, open subsequently, in each 
instance under abnormal conditions. 

We wish to hold up for condemnation the practice of the patholo- 
gists in many hospitals of inserting a probe into the ductus arteriosus, 
especially in the newborn, in order to ascertain whether it is open 
or closed. Anyone at all familiar with the histologic changes in 
the ductus following birth realizes that such a procedure is entirely 
worthless. We are unwilling to accept any data relative to closure 
of the ductus in which the patency of the ductus was tested in this 
way. 

It should be emphasized that the ductus arteriosus in late fetal 
life is potentially a mobile or contractile structure and will respond 
by closure to certain stimuli much the same as many other hollow 
muscular structures. Therefore, we believe that the problem of 
closure must be studied by means of a physiologic approach. 

Summary. The cause of closure of the ductus arterio.sus at birth 
is important to our knowledge of physiology and of heart disease. 

Our observations on guinea pigs show that the ductus is different 
from the other great arteries both histologically and in its physio- 
logic reactions. 

The ductus arteriosus during late fetal life is potentially an active 
structure and is able to close in response to certain definite stimuli. 

It normally closes within the few minutes following birth and 
remains closed. If this normal process of closure is interrupted, 
patency of ductus arteriosus re.sults. Thus, it may be the interrup- 
tion of a normal physiologic process which causes this form of con- 
genital heart disease when it occurs alone, not some bizarre mal- 
formation. 
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ABNORMALITIES OF THE AMOUNT OF THE CIRCULATION 
(HYPER- AND HYPOKINEMIA) AND THEIR RELATION TO 
NEUROCIRCULATORY ASTHENIA AND KINDRED 
DIAGNOSES*! 

Bv IsA.vc St.vrr, hl.D. 

UAUTzr.LL research rnorEssoR or therapeetics, -university or Pennsylvania, 

PHILADELPHIA, PA. 

koR the last 15 years we have been accumulating data on the 
amount of the circulation of subjects lying at rest, both normal 

* This paper w.as presented before the Association of American Phvsicians in 
May, 1942. 

t 3'he eomplction of this work was .nssisted by a Rrant from the Daland Fund of 
tile American Philosophical Society. 
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persons and patients from the medical wards. At first we employed 
the ethyl iodide method,® in recent years the ballistocardiograph,^ 
and about 1600 of these records have been taken. These were filed 
under appropriate diagnoses and, with the passage of time, certain 
files have become full enough to warrant detailed analysis of their 
contents. One of these files contains the records of 68 cases char- 
acterized by symptoms referable to the circulation which could not 
be accounted for by any abnormality demonstrated by the usual 
hospital procedures; the group usually classified under such vague 
diagnoses as functional heart disease, neurocirculatory asthenia, 
autonomic imbalance, sympathicotonia, vagotonia and the like. 

By estimating the cardiac output, functional abnormalities of 
the circulation have been discovered in many of these cases. But, as 
similar changes have also been found in many patients with organic 
disease, to enable readers to see the subject of this study in proper 
perspectii'e it will first be necessary to trace the history of our inves- 
tigations and to review the state of the circulation found in other 
clinical conditions. 

The first step in the classification of our data was to discover the 
normal standards for the amount of the circulation,® the second 
was to divide the abnormal cases into two groups: those with circu- 
lations above and below normal. This approach has been and still 
is used to classify and to interpret data concerning blood pressure. 
When one thus studies the circulation one needs a term to serve the 
same purpose as the term hypertension, and it was not easy to find 
a satisfactory word. 

One could say that a patient had a “supernormal circulation” 
or that he suft'ered from a “supernormal circulatory” state, but 
such terms seem long and awkward. The term “supercirculation” 
reminds one unpleasantly of Hollywood; while “hypercirculation,” 
of mixed etomological parentage, derives dignity only by relation 
to its half-brother “ h.\-pertension ” whose history certainly shows 
that a bar sinister is no bar to a place of importance in our language. 
Turning to the Greek roots “hj-perrheaemia,” increased flow of 
blood, proved too difficult to pronounce differently from the familiar 
“hyperemia.” Eventually the term “ hyperkinemia,” increased 
motion of blood, was suggested by Dr. J. H. Austin. Easy to say 
and with a short adjective form, the terms hyperkinemia and hypo- 
kinemia have been adopted to Indicate the corresponding abnormal- 
ities of the amount of the circulation when estimated with the 
subjects at rest in the supine position. 

About 2 years ago our data on the first 100 cases with hypokineinin 
were published.''’ In Table 1 these data have been reviewed and 
amplified. 

The first two items in this table are based on inferences. Hypo- 
kinemia is to be cxTiected in any moribund subject because, in 
becoming zero at death, the circulation mu.st pass through a hypo- 
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kinemic stage. There seems to be ample evidence from animal 
experiments to expect hypokinemia in eases of shock, but this is 
another inference for we have not worked on shock. 


Tadi.e 1.— OccunnENCB or 


Groiin- 

Moribinul patioiitfi 

Shock 

In conRcstivo heart failure .... 
Valvular heart disease not in failure 
Coronaiy heart disease: 

Chronic antrina pectoris .... 

Soon after infarction 

Hypertension 

Endocrine disoasc.s; 

My.xedema 

Pituitaiy or adrenal 

Convalescence from severe febrile disease 
Essential hypokinemia 


Hypokinemia 

Frequency of hypokinemia 
amona all casc.s in 
this croup 

All 

All ? 

Most 

About 1/2 

Almost all 

About 1/2 

About 1/.‘I 

All 

Many 

About 3/4 

20 cases 


(3ur data show that hypokinemia is to be found in most, but by 
no means all, cases of congestive heart failure. Of the cases of 
valvular heart disease not in failure the abnormality is encountered 
frequently, chiefly in those who have been in failure or who are in 
danger of it. In chronic angina pectoris hypokinemia is the rule and 
its presence often provides welcome objective evidence of the pres- 
ence of this condition. Over one-third of the cases of hypertension 
show hypokinemia, chiefly those with small hearts. Severe cases 
of certain endocrine diseases usually have it. It is very common in 
con\-alescence from the severe acute infections. Finally in our data 
are 2(i cases in which hypokinemia was found ivithout any disease 
to which it could he attributed, and these cases fall into the group 
which is the subject of this study. 

It took almost 3 years longer to assemble 100 cases with hyper- 
kinemia and our first publication on this subject is now in pre.ss.^ 
The results jicrtincnt to this discussion have been summarized 
in Talilc 2. 

Tauu; 2.— OccuimENCE or IJypEnKiNEMiA 


Group 

llciiUby ))orsons 

Hypovthyroidism wiihoul ravdiao complications 

Extreme emaciation 

Patent ductus artcriosis 
Porii)heraI .A -V aneurisms 
Anemia 

Febrile disease tested late in the course 

Hypertension 

Pulmonary: 

•After pneumonectomy 
In elironie di.“ea.so 
Essential byperkinemia 


Frequency of li.vperkinemia 
nmonK all cases in 
tlie Rroujj 

A very few 
.Almost .all 
. .About 3 ’4 
Most 

Few ,, 

About 1 ’4 
.A few only 
A very few 

4 of 5 cases 
A few 
20 cases 


In iinalyzing the hyperkincmic group there is a difficulty which 
is absent when hypokinemia is t^tudied. Excitement m.ay cause 
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hyperkinemia in anyone, therefore an isolated instance is of no 
importance. The occurrence of 16 instances of the abnormality 
in tests of over 400 healthy persons can be accounted for partly by 
excitement in class demonstrations, partly by chance cumulation 
of inherent errors; for, working with methods containing errors 
which we believe to be large, one has no right to expect a perfect 
division between normal and abnormal. In the health3' group, 
whenever the test was repeated, the second value was normal, a 
fact which distinguishes this group from those to follow. 

Almost all cases of h.vperthjwoidism without obvious cardiac 
involvement show hj'perkinemia, as is wmll known. 

The hA-perkinemia of emaciated persons is partlj^ a matter of 
definition, for their circulations w'ere. above normal in relation to 
their present body weight, not to what they should have weighed. 

Most of our cases of patent ductus arteriosis had hj'perkinemia, 
as has been found bj' others; but onty one of 4 cases of traumatic 
peripheral arteriovenous communications showed this abnormality. 
Doubtless it is a matter of the size of the communication. 

In cases of anemia with hemoglobin under 60%, hj'perkinemia 
was found less frequentl}' than the literature had led us to expect. 
This was also the case in the febrile diseases. Stimulation of the 
circulation during the fever following the administration of pjTOgens 
is easily demonstrated, but onh- 1 of 8 cases tested during the later 
half of a febrile disease showed hj’perkinemia. 

The few cases with hypertension who also had hyperkinemia 
formed a consistent group. All were extremelj- ill and all but one 
had marked cardiac hj’pertrophA*. 

We were surprised to find hj'perkinemia in 4 of 5 cases after 
surgical removal of one lung, and we have encountered it rarely in 
chronic pulmonarv disease. HAqierkinemia was also found in 7 
cases with nothing in common which Ave could discover and, as 
excitement may cause this abnormality in an.vone, such isolated 
instances deserA-e no attention. 

Finally, in our data are 20 cases in AA'hich no reason for the 
almormality AA'as discovered, and these cases fall into the group 
Avhich is the subject of this studA*. 

Let us stop to compare these cases of essential hj'perkinemia 
AA'ith the corresponding hypokinemic group. Figure 1 shoAA-s that 
the distinction is not difficult when their ballistocardiograms are 
available. Tlie SA-mptoms of these 2 patients were rather similar; 

I have little doubt that most of us would have been content to 
classify them under the same heading. But the difference in tlie 
impacts of their circulations was so A'er.v great that the physiologic 
mechanisms at fault must certainly haA’e been verA- different. 

A comparison of the clinical pictures of the tAA’o groups is given 
in Table .3. Both consist chieflA' of A'oung adults who think of them- 
seh’cs as nerA’Ous, but then the similarity becomes less marked. 
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Tlie hypos are weak and dizzy; they complain of dyspnea on exer- 
tion, and about one-fourth of them are subject to repeated fainting 
attacks. The hypERS deny weakness, dizziness is a minor factor, 
and there is no fainting among them. Indeed they do not usually 



Fig. 1. — BfillistocardioKrams from a hypokinemic patient (top) and a hypcr- 
kinomic patient (bottom). The time, in seconds, is indicated over the top record. 
Both records were taken with the subject horizontal after 15 minutes’ rest. Repro- 
ductions one-half actual size. 

Top. — E. G., a woman aged 40, wt. 151, B.P. 140/90, CC (chief complaint): 
Repeated fainting attacks. P.E. negative: orthodiagram, heart normal size; EKG 
normal. Cardiac output —30%. 

BoUom. — .1. D., a man aged 25, wt. 147 pounds, B.P. 150/70. CC; Spells of faint- 
ness not confined to uinight position. P.E. negative. B.M.R. -(-13. Cardiac 
output -i-57%. 


think of themselves as ill, although they are undenveiglit and tend 
to have rapid heart rates. An exjierienced clinician, inspecting 
cases of essential hypokineinia, gets no very definite impression 
about the diagnosis, but the patients with essential hyperkinemia 
tire immediately suspected of liaving hyperthyroidism and only 
after repeated estimations of basal metabolic rate is this diagnosis 
abandoned. 


Taui.e 3.— Sy.mptoms in Essential 

Hypo- and 

Hypeiikinemia 


HypO 

HypER 

.■Vvor.ngc .uge, years 

30 

32 

Deviation from ideal weight, t)Ounds 

+G 

- 13 

.Vvei'.nge pulse rate . . . . 

74 

90 

Symptoms— Nervous 

. ++ 


Weak 

. +++ 

0 

Dizzy 

+ + + 

+ 

Fainting 

+ 

0 

Dyspnea on exertion . . . . 


J- 

-Vverage B.M.R., % 

-s 

-3 

First impression 

? 

Ilyiiertbyroidism 


1 he two groups which we have called essential liyper- and hypo- 
kincinia, characterized by these abnormalities of the resting circula- 
tions, without any known pathologic change to account for them, 
c-omprise two-thirds of tlie group whicii is the subject of this study, 
or 4(5 out of a total of (5S cases. The remaining 22 cases, without 
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any abnormality of the circulation detected at rest, must now be 
considered. 

Seven of these cases exhibited the symptoms of weakness and 
dizziness, and the proneness to fainting attacks characteristic of 
the essential hypokinemic group. In these the resting circulation, 
although not subnormal, was exactly on the lower limit of normal. 
Since our estimates of the amount of the circulation include errors 
which we believe to be large, a perfect division between normal and 
abnormal cannot be expected. Therefore we have had no hesitation 
in adding these cases to the essential hypokinemic group. 

The remaining 15 cases have less in common. Seven were char- 
acterized by having all their symptoms in attacks, they considered 
themselves well and free of symptoms between these episodes. 
But the attacks were of various characters; spells of weakness and 
faintness, and attacks of palpitation wmre most common. All these 
cases were diagnosed neuroses and in some the neurotic origin of 
the symptoms seemed obvious. Thus a coal miner, subject to 
attacks of shortness of breath without obvious cause, gave the 
history that his best friend had recently been invalided by silicosis. 

Four of these 15 cases gave lifelong histories of neurotic mani- 
festations; 2 were chronic neurasthenics, one had a history of over 
30 admissions to the hospital. 

In the 4 remaining cases, although their circulations were normal 
when the\' lay at rest, we were able to demonstrate a circulatory 
abnormality of another type by means of a test which has been 
studied only recently and therefore \s'as not applied to the great 
majority of the cases in this series. 

If a healthy person, after lying down for 15 minutes, arises and 
stands still, the circulation diminishes for approximately the first 
minute of standing and then remains constant for 10 minutes or 
longer. Therefore to compare the lying and standing circulations 
of our subjects wc took records after 15 minutes rest horizontal, 
and 2h minutes after arising. In most subjects tested the impacts 
of each heart beat diminished after arising but the heart rate 
increased. When the circulation per minute was calculated these 
changes tended to cancel each other, the ratio of the lying to the 
standing circulation averaging 1 to 1 in 50 healthy persons. 

Figure 2 illustrates ballistic records obtained both lying and 
standing in 1 healthy person and 3 of our patients. Evidently some 
of our patients were unable to make this adaptation properly; 
when they arose, not only the rate but also the output per beat 
was much increased, so that the relation of their circulation in 
the two positions was profoundly abnormal. It was while the 
cardiac out{)ut was abnormally elevated that these subjects had 
symptoms such as dizziness and faintness, a finding contrary both 
to my expectations and to the viewpoint generally taught. Appar- 
ently these patients suffer from an incoordination of the circula- 
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tion, a failure to adapt it to the needs of the situation in a normal 
manner. I am Impeful that such demonstrations will aid in explain- 
ing the symptoms of some of the cases in Avhich nothing abnormal 
is disclosed by either the ordinary clinical examination, or an 
estimation of the resting circulation. 



Fi«. 2. — Balli.sfociirdiogrnnis after 15 rniiiulos’ rest horizontal and aiwut 2 minutes 
after arising. Tlie time rceord on the top applies to all the records, larccst interval i 
is otiual to 1 second. The reproductions arc ouc-half actual size. 

Top row. M. T., a normal younp woman aped 25. 5 feet 41 indies, 140 pounds, 
n.P. lyiuR 1.35 'S5, standiuR 135,’t)0. Cardiac output both lyiuR and standiiiR docs 
not deviate from the normal uveraKO. 

Second row. F. \V., a man of .30, 5 feet OJ inche.s, 120 pounds, B.P. lyitiR 114/SS, 
.standiuK 122 OS. Studic.« all iiOKative. CC; Dizziness on arisinc, fear of falliiiE 
when upriplit. Cardiac output +13% lyiiiR, +100% standinp. 

Third row. P. M., a woman aped 42. 5 feet 3 inches, 12S pound.s. B.P. 130 00 
lyinp, 120 100 standinR. .All studies ncRativc. CC: Palpitation, dy.spnca on 
exertion, chokiiiR attacks at nipht. Cardiac output lyinp — 1T%. .'itandiuK +22%. 

Fourth roic. P. C.. a man aRcd 50. 5 feet 10 inches, 1 13 pounds, B.P. lyinp 1 12 OS. 
standinp lOTTS. P.E. nepative except that patient is very thin. CC; I'aintinp 
attacks especially in .Minimer. Cardiac output lyinp —22% when teferred to his 
acttial weipht, but —30% if referred to what he should weiRh. C.C, .^tandinp +.50% 
referred to acttial weipht. 


can ctmcliulc. therefore, thut the great group of jiatients 
with .%vmptoms referable to their circulations, but without tli.sease 
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demonstrated by the usual clinical tests, can be properly divided 
into three sub-groups depending on the condition of their resting 
circulations. In the hyper- and hypokinemic groups, and in a few 
patients of the normokinemic group, we have demonstrated an 
abnormality of function which may w'ell be the cause of many of 
their characteristic symptoms. 

Patients with essential hypokinemia have resting circulations 
similar to those found in many cases of organic heart disease. 
Therefore it is not surprising that these two groups share many 
symptoms and that such a term as functional heart disease, which 
recognizes the similarity, has arisen. Certainly such symptoms as 
dyspnea on exertion, weakness, dizziness when upright, and sus- 
ceptibility to fainting attacks, are consistent with the findings of 
subnormal circulation. 

Patients with essential hyperkinemia share their circulatory 
abnormality with cases of hyperthyroidism, and it is not surprising 
that they have much the same appearance to gross inspection. 
Apparently the characteristic appearance of hyperthjToidism, so 
readily recognized at a glance by experienced clinicians, is more 
nearly related to the circulation than to the metabolic rate. Perhaps 
this is why patients with hyperthyroidism complicated by a cardiac 
disease which has reduced their circulation, may pass so long 
unrecognized. Without hyperkinemia the characteristic appearance 
is missing and the attending physician does not immediately see 
the need of an estimation of basal metabolic rate. 

Our task would not be complete without an attempt to fit the 
older conceptions and terminology into the picture of the essential 
kinemic abnormalities. I must start by admitting that I, myself, 
have been diagnosing all these cases either neurocirculatory asthenia 
or cardiac neurosis without discrimination, and I believe that this 
is the common practice. Nevertheless, it is possible that others 
may liave had more discrimination than I, for the older terminology 
may be fitted into the newer conceptions. 

My cases with hyperkinemia seem entirely similar to the soldiers 
in the last war described by Peabody, Wearn, and Tompkins, = 
who called the condition “irritable heart;” and many readers will 
recall tlic controversy with Harlow Brooks as to whether they were 
really cases of hyperthyroidism. In civil life similar cases have 
been described liy Kessel and Hyman' under the name “ autonomic 
imbalance,” and in Europe under such names as “ parabasadowism ” 
and “sympathicotonia." For cases with hypokinemia the term 
“ neurocirculatory asthenia " is quite descriptive, and I suspect that 
the term “vagotonia” has also been used to characterize such 
patients. The term “cardiac neurosis” might be reserved for the 
normokinemic group. But such an attempt to unite the new and 
old conceptions would lead to great confusion in the minds of many 
who have fixed ideas as to what such terms mean. 
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Tliere is a great deal to be said for a purely functional classifica- 
tion based on the most fundamental physiologic abnormality jmt 
demonstrated. Therefore I propose to subdivide the patients with 
symptoms referable to their circulation, but without heart disease, 
into hypo-, hyper- and normokinemic groups, until better knowledge 
can provide an etiologic classification. 

As in the ease of hypertension, it is the ability to measure the 
abnormality which permits an investigation of its etiology to begin, 
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[Harvard], Boston City Hospital, and the Department of Medicine, 

Harvard Medical School.) 

A xu.MBER of faetors are known to alter the absorption of sulfona- 
mide drugs from the gastro-intestinal tract, both in experimental 
animals and in man. Administration in the form of the sodium 
salts, or the simultaneous administration of sodium bicar- 
bonate or magnesium oxide' increases the absorption of some of 
the commonly used sulfonamides. It has also been shown that 
sodium sulfapyridinc is absorbed more rapidly and more completely 
in a subject with achlorhydria than when hydrochloric acid is 
present." Conjugation with certain substances," including glucose,’^ 
guanidine.' suecinylic acid"’ or acetic acid'-'^* produces compounds 
vhieh are poorly absorbcfl when given orally. This decreased 
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absorption is not related to solubility since the resulting compounds, 
except in the case of the acetyl derivative, are much more soluble than 
the parent drugs. Marked and unexplained individual differences 
in absorption of sulfonamide drugs have been noted frequently, 
both during actual therapy of patients Avith infections and in the 
course of studies in normal subjects. 

It is known that sulfanilamide differs somewhat from its common 
derivatives with respect to absorption and excretion. Most striking 
is the comparatively good absorption of sulfanilamide from the 
rectum, whereas very little sulfapyridine, sulfathiazole or sulfa- 
diazine is absorbed from this site.®-'®-’®-^^ Stead and Kunkel*® found 
that the maximum blood concentration of sulfanilamide occurred 
in 10 to 13 minutes after a 1% solution was put directly into the 
duodenum. It has also been shown that sulfapyridine delays the 
emptying time of the stomach in human subjects.® 

In this paper are presented the results of studies on absorption 
and excretion of a single dose of several sulfonamide drugs in 
normal human subjects after oral and after duodenal administra- 
tion. The effects of a meal, of the simultaneous administration of 
sodium bicarbonate and of administration in the form of the sodium 
salt were also studied. 

Materials and Methods. The subjects were health 5 ' ambulatorj' males 
from 16 to 60 jmars old. A 5 gm. dose was given in all experiments. Tap 
water (500 ml.) was given with the drug and approximately 150 ml. of 
fluids per hour was given throughout the first day. All the urine pass^ 
during the first 72 hours was collected and the amount of drug excreted in 
this period was used as an index of the amount absorbed. The drugs were 
given as powdered suspensions or as solutions in water. Drug levels in 
blood were determined at appropriate interv^als bj' the method of Bratton 
and Marshall.- In the studies on “fasting” subjects, all food was withheld 
from the time of the evening meal (about 5 p.m.) until the drug was given, 
between 8 and 9 the ne.xt day, and breakfast was given from 1 to 2 
hours after the drug. Sodium bicarbonate, when used, was given vith the 
sulfonamide in 5 gm. amounts. Duodenal administration was accomplished 
through a Rehfuss’ tube, the position of which was verified fluoroscopically. 
Several experiments were done in each subject, although not all the different 
experiments were carried out in any given subject. Two or more days 
were permitted to elapse after the urine was completely free of sulfonamide 
drugs before starting another experiment. 

Studies with Sidfanilamide (See Table 1). When a single 5 gm. 
dose of sulfanilamide was given before breakfast, absorption was 
very rapid. The maximum blood concentration was high and was 
obtained at the time when the first sample was drawn, namely 
after h hour. About 75% of the administered drug was recovered 
from the urine in 72 hours. Similar results were obtained when 
this drug was given directly into the duodenum. When the same 
amount of drug was given after breakfast, absorption was delayed, 
the maximum blood level was lower and the amount of drug recov- 
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ered in the urine in 72 hours was slightly greater. A 5 gm. dose of 
sodium bicarbonate given with the drug after a meal had no effect. 


Taijlk 1. — Maximum Blood Levels and Urinary Excretion After a Single 
5-gm Dose of Sulfanilamide 




Maximum blood 
concentration. 

Me. per Hours 

%.of . 

administered 
dose recovered 


N 9 . of 

100 ml. 

after admin- 

in urine in 

Mode of administration. 

subjects. 

(total*) • 

istration. 

72 hours.* 

Oral; before breakfast .... 

3 

10 

j 

'i 

76 

Oral; after breakfast 

2 

8.1 

3 

82 

Oral -f NaHCOj; after breakfast 

1 

7.8 

3 

80 

Duodenal; before breakfast . 

* Mean values. 

2 

10.2 

\ 

2 

76 


y] Comparison of Oral and Duodenal Administration of Svlfa- 
pyridine, Snlfathiazolc and Snlfadiazme. These 3 drugs were 
handled quite differently than sulfanilamide when given directly 
into the duodenum. This is seen from the data summarized in 
Table 2. Absorption was much more rapid after duodenal as com- 
pared with oral administration. The maximum blood concentra- 
tions of these drugs when given by duodenum were reached early, 
namely in 1 hour in the case of .sulfathiazole and in 3 hours in the 
case of sulfapyridine and sulfadiazine. The maximum levels, how- 
ever, were considerably lower than when the corresponding drugs 
were given by mouth. Furthermore, the amount of drug recovered 
in the urine in the first 72 hours after the duodenal administration 
was only about one-half of the amount that was recovered when 
the same amount of drug was given by mouth. 


Tadle 2.— Oral Versus Duodenal Administration of a Single 5-gm. Dose 
OF Sulfapyridine, Sulfathiazole and Sulfadiazine 


DruR. 


No. of 

Maximum blood 
concentration. 

Mr. per Hours 

100 ml. afteradmin- 

admini.stered 
dose recovered 
in urine in 

Route.* 

pubjccl."!. 

(totalf). 

istration. 

72 liours.t 

Sulfapyridine 

Oral 

2 

7.7 

6 

70 


Duodenal 

2 

2,2 

3 

42 

Sulfathiazole . 

Oral 

3 

6.7 

3 

68 


Duodenal 

3 

2.8 

1 

34 

Sulfadiazine 

Oral 

4 

5.5 

7 

54 

* -Ml doses piven 

Duodon.al 

before breakfast. 

6 

3.2 

3 

30 


t Mean values. 

Inirther attempts were made to influence the absorption after 
duodenal administration. The simultaneous administration of the 
patient’s own fasting gastric juice, or of SO ml. of N710 hydrochloric 
acid or of an equal amount of sodium bicarbonate were tried in 
individual subjects, but none of these procedures had any effect 
on the maximum blood levels or on the amount of drug recovered 
from the urine. When the dose was divided and given in 4 equal 
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parts over a period of hours, there was a slight increase, in the 
amount recovered in the urine, as was shown to be the case with 
sulfaguanidine given orally in this manner." 

The Effect of Alkali and of Administration After a Meal on the 
Absorption and Excretion of Sidfadiazine. The remaining studies 
were carried out with sulfadiazine and sodium sulfadiazine and 
are summarized in Table 3. The highest and lowest values obtained 
in different subjects are noted and give some idea of the individual 
variations observed. The mean values of the blood levels and of 
the cumulative urinary excretions obtained at different times 
following the administration of a 5 gm. dose of sulfadiazine given 
in different ways are shown graphically in Figure 1. 



2 4 6 12 24 36 48 72 

HOURS AFTER ADMINISTRATION 

Fig. 1. — "Total" sulfadiazine blood concentrations and cumulative urinary 
recoveries after administration of a single 5-gm. dose of sulfadiazine in human 
subjects (mean values). A, Oral + NaHCOj; after breakfast. B, Oral; after 
breakfast. C, Oral; before breakfast. D, Oral + NaHCOs; before breakfast. 
E. Duodenal. 


^Mien sulfadiazine was given by mouth before a meal it was 
absorbed much better than after instillation into the duodenum. 
The maximum blood levels, although attained later, were almost 
twice as high after oral as after duodenal administration, and the 
amount of drug recovered from the urine in 72 hours was almost 
twice as great. The addition of an equal amount of sodium bicar- 
bonate to the sulfadiazine given by mouth to the fasting subjects 
resulted in a decided acceleration of the absorption. The maximum 
blood levels were appreciably higher and were attained much sooner 
than when the drug was given alone. The amounts recovered in 
the urine in 72 hours, however, were about the same regardless of 
whether or not the alkali was given. Similar results were obtained 
with sulfathiazole by Barlow and Climenko.' 

When the dose of sulfadiazine was given after the morning meal, 
absorption was consistently more complete. The maximum blood 
levels were higher than in the subjects who received the drug before 
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ii meal, even with bicarbonate of soda, and on the average about 
25% more of the drug was recovered from the urine. The adminis- 
tration of sodium bicarbonate with the dose of sulfadiazine given 
after a meal seemed to have a delaying effect on absorption of the 
drug in the 2 subjects studied.* The maximum levels were about 
the same but they were attained somewhat later, and the total 
amount recovered from the urine was appreciably greater, averaging 
02% of the administered dose. 

Rcsxilis wiih Sodium Sulfadiazine. In general, the sodium salts 
of sulfapyridine, sulfathiazole and sulfadiazine are absorbed more 
rapidly than their respective free acids when administered 
orally The results of the present studies with sodium sulfa- 
diazine are summarized in the lower part of Table 3. 

Table 3.— Maximum Blood Concentrations and Urinary Excretion of a 
Single 5-gm. Dose of Sulfadiazine; Effect op Administration With 
Alkali or After a Meal 

Maximum Wood concentration. 

■ ' % of administered 

Me. per 100 ml. Hours after dose recovered in 

(total) administration urine in 72 hours. 

No. of . ■ ' ■ • . ■ . 


Mode of administration 

subjects 

HiRh 

Low 

Mean 

HiEh 

Low 

Mean 

HiEh 

Low 

Mean 

Duodenal; licfore breakfast . . 

fl 

3.8 

2.1 

3.2 

0 

2 

3 

32 

26 

30 

Oral; Iwfore breakfast . . . 

4 

0.6 

3.9 

5. ,5 

12 

4 

7 

70 

30 

54 

Oral + NallCOj; lieforc breakfast 

. 3 

8.4 

5. .5 

0,9 

3* 

2 

2 

84 

24 

48 

Oral; aflcr breakfast .... 

. 5 

9.6 

7.3 

8.7 

6 

4* 

0 

86 

01 

77 

Oral + NallCO:; after breakfast 

2 

9.0 

8.2 

8.0 

12 

12 

12 

90 

86 

92 

Sodium sulfadiazine. 

Duodenal; Ircfore brc.akfast . . 

1 



17,0 



i 



80 

Oral; Iwforc breakfast . 

. 3 

16.0 

1.6 ’2 

1.6.5 

iu 

"i 

X 

si) 

74 

80 

Oral; after brc.akfast . . 

3 

Li.O 

6.8 

10.2 

3 

3 

3 

78 

oa 

07 


* Tliis result wa.s obtained in only 1 of the subjects. 


When sodium sulfadiazine was given before breakfast, either 
orally or into the duodenum, absorption was very rapid. The 
maximum blood level was usually attained within \ hour, the time 
when the first blood sample was drawn. The blood concentrations 
at this time were all more than 15 mg. per 100 ml. This is com- 
parable to the levels observed shortly after intravenous administra- 
tion of the same dose.® If due allowance is made for the sodium 
content of the administered drug, the urinary recoveries were also 
similar to those olDtained following intravenous administration. 
When the sodium sulfadizaine was given after breakfast, the results 
were somewhat similar to those noted with sulfanilamide. Absorp- 
tion was delayed, but in this instance it was less complete. The 
maximum blood levels were lower and were attained later, and an 
appreciably smaller amount of drug was recovered from the urine. 

* It is to Ik* noted that no Wood s.ampics were obtained between G and 12 hours, 
so that the maximum levels probably occurred within this period and probablv were 
hifrhcr than tho maximum observed. 
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Individual variations were greater when the dose followed the meal 
than when it was given before breakfast. 

The subjects used in this study had free hydrochloric acid in 
their fasting stomach. The pH of the 1% sodium sulfadiazine 
solutions used was between 9 and 9.5. Three experiments were done 
in vitro with such solutions to determine the effect of adding dilute 
hydrochloric acid. It was found that most of the drug was pre- 
cipitated out of solution between pH 7.5 and 8.0. More than 90% 
of the dissolved drug was precipitated, presumably as the free 
acid, at pH 7.5. Although gastric juice containing free hydrochloric 
acid has been shown to have some buffering effect, “ it is very likely 
that the pH of the gastric contents in the present experiments was 
lower than 7.5 and that, for the most part, the free acid was pre- 
cipitated out from the administered sodium salt in the stomach. 

Observations on Abnormal Subjects. There was an opportunity 
to study the absorption of a single oral dose of sulfadiazine in a 
patient with non-tropical sprue. The blood levels attained were 
low and only 20% of the administered drug was recovered from the 
urine. A vitamin A absorption test done at the same time showed 
that this substance was likewise poorly absorbed. In a patient with 
pernicious anemia, sulfadiazine given orally before breakfast was 
found to be well absorbed. The maximum blood level was 9.6 mg. 
per 100 ml., 6 hours after administration of 5 gm., and 87% of the 
dose was recovered from the urine. 

Discussion. Perhaps the most interesting fact brought out in 
these studies is the poor absorption of sulfapyridine, sulfathiazole 
and sulfadiazine after duodenal administration, as compared with 
the absorption of the same drugs when given orally. This is in 
marked contrast to the rapid and almost complete absorption after 
duodenal administration of sulfanilamide and sodium sulfadiazine, 
and probably also of the sodium salts of sulfathiazole and sulfa- 
pyridine, although these were not studied. It is only reasonable to 
assume that the portion of the sulfapyridine, sulfathiazole and sulfa- 
diazine not excreted in the urine is largely found unchanged in the 
large bowel. From there, these drugs are poorly absorbed,®'’’ ’' 
and eventually are eliminated in the stools. It is suggested, there- 
fore, that where large bowel bacteriostasis is desired it may be 
more advantageous to give such highly effective drugs as siilfa- 
thiazole or sulfadiazine directly into the duodenum, in preference 
to the less effective sulfaguanidine by mouth. The concentration 
of the former drugs in the feces after oral administration has been 
found to be low,^ 

The effect of giving a dose of drug after a meal was to delay 
absorption in every instance. With respect to the total amount 
absorbed, as reflected in the amount recovered in the urine, the 
effect of taking a meal shortly before the drug varied with the com- 



ABSORl’TION AND KXCRETION OF SULFONAMIDE DRUGS 58^ 

poUDtl used. With sulfanilamide there appeared to be little or no 
effect; with sulfadiazine the total amount recovered in the urine was 
appreciably greater and with sodium sulfadiazine the urinary 
recovery was slightly less (after allowing for the sodium content of 
the administered drug) than when the dose was taken on a fasting 
stomach. The explanation of these differences is not apparent. 

The effect of food and of alkali on the absorption and excretion 
would seem to explain at least some of the discrepancies noted in 
clinical and experimental studies. It is likely that the kind of food 
ingested has a decided influence both on absorption and conjugation 
of sulfonamides, as indicated in some recent reports/' but this 
aspect was not investigated. 

T'he amounts present as “free” and as “total” drug were deter- 
mined on every sample. All of the values mentioned in the text 
repre.sent “total” drug values. The amount of drug excreted in 
the conjugated form in difl'erent experiments varied from 17 to 25% 
of the total at 12 hours and from 22 to 35% of the total in 72 hours. 
The differences in the amount of conjugation observed following 
various modes of administration were too inconstant to permit any 
deductions. 

Summary and Conclusions. 1. Sulfanilamide is absorbed very 
rapidly aiul completely when it is given orally or into the duodenum, 
h'ood delays absorption of the drug but does not diminish the 
amount excreted in the urine. 

2. Sulfapyridine, sulfathiazole and sulfadiazine are poorly ab- 
sorbed from the duodenum. 

3. Sulfadiazine is ab.sorbed more slowly but more completely 
when it is given after a meal than if it is given on a fasting stomach. 
.\lkuli appears to increase the amount of drug absorbed when it is 
given witli sulfadiazine after a meal. Sodium bicarbonate hastens 
the alisorption of sulfadiazine when given on an empty stomach, 
hut does not increase the amount absorbed. 

•I. Sodium sulfadiazine is rapidly absorbed from the duodenum 
or after oral administration in a fasting subject. Absorption is 
delayed and is lc.ss complete if it is given after a meal. 
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The Modern Attack on Tuberculosis. By Henry D. Chadwick, 
M.D., Medical Director of Middlesex Tuberculosis Sanatorium; For- 
merly Commissioner of Public Health of the Commonwealth of Massa- 
chusetts, and Alton S. Pope, M.D., Deputy Commissioner of Public 
Health and Director of the Division of Tuberculosis, Commonwealth of 
Massachusetts. Pp. 95; 5 figures and 8 tables. New York; Common- 
wealth Fund, 1942. Price, SI. 00. 

This is an excellent review of the principles and to some extent the 
practices that have played a part in reducing tuberculosis morbidity and 
mortality in the United States. The book will be of value chiefly to public 
health officers and administrators. It contains chapters on the epidemio- 
logic aspects of tuberculosis, diagnostic procedures, case finding, and the 
role of the sanatorium in control and treatment. The final chapter deals 
with various phases of an adequate community campaign^ for the eradica- 
tion of tuberculosis. Naturally, in a book of this length it is not possible 
to discuss in detail methods of diagnosis and treatment of tuberculosis. 

H. H. 


Acute Injuries of the He.\d. By G. F. Ro\vboth.\m, B.Sc. (Manch.), 

F.Il.C.S. (Eng.). Pp. 288; 124 illustrations. Baltimore: Williams & 

Wilkins Company, 1942. Price, S6.00. 

The publication of this book is timely, for all members of the medical 
profession whether or not in military' service should have an authoritative 
source for consultation upon the jiroper treatment of cranial injuries. The 
author has had experience with air-raid casualties and hence brings to his 
readers the problems inherent in the treatment of thisi rather special tj^e 
of casualty. After a discussion of the mechanism of injuries of the head in 
which, in discussing fractures, the point is made that it is not the injury' 
to the bone but to the brain that is important, the various types of closed 
cerebral lesions are described together with their underlying pathology'. 
Concussion and compre.ssion are the commonest causes for a fatality, and 
death occurs usuallj’ within the first 24 hours following injuty. Contusions, 
latyrations and hemorrhage are the 3 primary' lesions of the brain following 
injuty, all due in these closed lesions to abrupt movement of the brain 
within tlie skull. The diagnosis and treatment of such injuries are thor- 
oughly discussed and the Reviewer was pleased to note that the suggestion 
was forcefully made that, when in doubt as to the position or type of the 
le.sion, prompt recourse be had to exploratorj- trephines or air injection. 
Chapter IV is especially valuable, for it describes in detail and lays stress 
upon the pre- and postojierative care of such cases, together with an out- 
line of the projier surgical technique. In Chapter V the methods of handling 
open or compound wounds are described, together with considerable advice 
about the treatment of air-raid casualties. The illustrations in the chapter 
on the technique used in the management of compound fractures are 
valuable. The final chapters are devoted to the results of injury* to .special 
parts of the brain and to the sequels to injuries of the head. 

This is a worthwhile book which presents a difficult subject with verv 
little lost motion. The type is clear and easy to read. The illustrations, as 
has been noted, arc numerous and on the wliole excellent. Both the author 
and publisher are to be congratulated. F. G. 
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Solving School Health Problems, The Astoria Demonstration Study. 

By Dorothy B. Nyswander, Ph.D,, Director of the Study. Pp. 377; 

several tables. New York: The Commonwealth Fund, 1942. Price, 

S2.00. 

Public school health programs have aroused dissatisfaction in recent 
years since the technique— medical and educational— of conducting health 
examinations has developed rapidly’' but the organization methods of 
supplying these to the public still rest in the Middle Ages. This report of 
Dr. Ny’swander is really the culmination of a progressive series which 
started first with a survey of school health in about 90 cities of varj’ing 
sizes, then a study of a sample of school children and their health and finally 
a sunmy of the methods used in detecting and correcting physical defects 
in New York City schools. The report then sets forth the applications of 
modern administrative methods to the great health problem in the public 
schools of a representative section of our largest city. 

The study was sponsored bj’ a variety of organizations such as the 
American Child Health Association, the Milbank Fund and the Metropoli- 
tan Life Insurance Company, etc., and carried out by a field staff with an 
advisory committee of phy’sicians and public health experts. How to bring 
Public Health in all respects including its educational aid to a quarter of 
a million children, and indirectly to their parents, was the core of the 
problem— these children and parents springing from varying backgrounds 
of race, religion, intelligence, language and superstitions. How to develop 
up-to-date administrative and field methods of public health in schools in, 
around and through an inadequate sy'stem without disrupting too much 
the functioning program was the active problem. How skillfully, practi- 
cally and how adequately this was done the reader can judge only by careful 
perusal of this report. An old method of screening out sick, undernourished 
and handicapped children was gradually eliminated and another coordinated 
and more practical substituted. Simplified record and “follow-up” sys- 
tems were devised. Cooperation between teachers, parents, school phy’si- 
cians and private ph.ysicians was secured to the mutual advantage of all, 
and especially the children. 

^ The book begins with a description of the school health program used in 
New York City in 1936 and a survey of the district selected for the study. 
Then there is a description of the school physician and his job, the usual 
findings of the school health examination, and follow-up of cases, the work 
of the teachers in a first-class program, the duties of the school nurse and 
finally a discu.ssion of records and their availability. 

Problems of visual testing, hearing, dental care, and the direction and 
management of children with cardiac diseases were skillfull}’’ posed and 
solved. The final stage of the study was devoted to the education of others 
in the methods, techniques and point of view developed during the earlier 
years of the Astoria District Study. Thus the whole city reaped the benefit 
of a localized demonstration in school health. The results: a more thor- 
ough physical examination of more children, elimination of long delay.s in 
securing correction of defects, avoidance of conflicts of professional opinion, 
increased interest in health problems of school children by officials and 
others in the city and finally the development of an up-to-date school health 
staff in New York City. 

The aim of a school liealth sendee is not only the detection and correction 
of defects but also the development of a real concern for positive health 
and its relation to education. This demonstration has led the way in our 
country in public school health administration. Other valued items of 
interest in the volume are the descriptive charts of the record cases used, the 
classification of cardiac cases, and the e.xhibits, which are in the appendix. 

E. T. 
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A Shout History of Nautical Medicine. Bj' Louis H. Roddis, M.D., 

Captain, Medical Corps, United States Navy. Pp. 359; 12 illustrations. 

New York: Paul B. Hocber, Inc., 1941. Price, 83.00. 

Though secondarj’' sources for nautical (niaritiine) medical historj’’ maj’' 
be copious, as is indicated in a final biblio^aphic note in this volume, there 
seems to be no one place where even the high spots of the subject have been 
adequately collected in one volume. One, therefore, welcomes all the more 
this compact historjq which includes the results of the author’s studies of 
U. S. Naval Medicine. It is good to know also that his biographies of the 
Surgeon Generals of the U. S. Na^'}' are already appearing in the U. S. Navy 
linUdin. 

The chapters cover nautical medicine of classical and medieval times, 
the diseases characteristic of the old sailing ships, naval medical depart- 
ments, hygiene, hospitals, unifonns, the medicine of the merchant marine 
and nautical research. 

Greek and Roman practices, Jam&s Lind and Scurvy, “Yellow Jack,” 
Gilbert Beane and Thomas Trotter are among the topics considered. The 
chapter on U. S. Naval Medicine, which occupies a good quarter of the 
volume, selects I^wis Heennan, of Tripoli fame; Edward Cutbush, “The 
Nestor of the Medical Corps of the Na^'J’■” and author of the first American 
work on NaA'al Medicine; and W. P. C. Barton, First Chief of the Bureau 
of Medicine and Surgery for special notice. On page 250 are given the 
10 chief contributions of the Medical Department of the U. S. N. to nautical 
medicine and on pages 351-4 a useful table of important chronologic events 
in naval medicine. 

We welcome a book on this subject, especially at the present time and 
cs]iccially when it is as well and entertainingly done as is this volume by 
Captain Roddis. E. K. 


LEUK.EM1A IN Ani.mals. By Julius Engelrueth-Holm, M.D., Director 
of the Cancer Research Laborator}'’_of the Danish Anti-Cancer League; 
Chief Pathologist of the Finsen Institute and Radium Station of Copen- 
hagen. Pp. 245; 44 figures. Edinburgh: Oliver & Boj’d, 1942. Price, 
15/-n. 

This well-written book might serve as a text to illustrate the multiplicity 
of methods \ised and their coordination by modern students of disease. 
The author points out that it was in 1858, 12 years after the recognition of 
human leukemia iiy Virchow, that Leiscring reported the first case of leu- 
kemia in an animal— the horse. The finst transmission experiments ivere 
attcmiitcd in 1872, but were unsuccessful until 1908, Avhen Ellermann and 
Bang transmitted leukemia from diseased to healthj’ fowls. * 

The spontaneous levikemias in birds and mammals are treated separately, 
then their experimental production asAvell as numerous transmission experi- 
mci\ts are considered. The hereditar,- factors, which have been so success- 
fully investigated by Americans, are dealt with in detail. The author 
believe-'! that leukemia is a neoplasm, and what he says of its occurrence in 
fowls might well serve as a general conclusion: “In spite of much considera- 
tion, in spite of the study of a great amount of material, in spite of numerous 
observations of the occurrence of the disease in different regions and under 
varying conditions, the etiolog>- of leukemia is still verA* nearly as obscure 
ns over.” " ' 3 

PSYVHOSUUGEUY. Bv W.ALTEU Freeman, M.D., Ph.D., F.A.C.P.. and 
James W . W.atts. B.S., M.D., F.A.C.S. Pp. 337; 81 illustrations, 
^pnngrield. 111.: Charle.-! C Thomas, 1942. Price, 80.00. 

Tins is the only monograjih in English upon the value of surgen- in the 
treatment of certain types of mental di.^ea^o. The historA' of the develop- 
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ment of psychosurgery is outlined from the early efforts of Burchhardt and 
Puusepp to the more important and impressive results obtained by Moniz. 
The first bits of clinical e%ddence of the effect of injury to the frontal lobes 
upon personality, such as the crow-bar skull, are carefully considered. Based 
upon these facts as well as upon the carefully studied cases of deliberate 
bifrontal lobectomy for the removal of brain tumors, a case is made for 
section of the prefrontal association pathways in the treatment of certain 
types of mental disease. Eighty carefully studied cases form the basis of 
this monograph. The preoperative care, the operative technique and post- 
operative sequelsB are carefully considered. Especially interesting is the 
description given of the patients’ reactions in the operating room as the 
last of the four frontal quadrants is sectioned. 

In the selection of cases for this procedure the best results were obtained 
in the involutional depressions and the obsessive tension states. The 
schizophrenics were less frequently benefited. Three operative deaths 
occurred in this series. 

IfTiether or not the use of surgery^ in the treatment of mental disease 
has any appeal, this book should be thoroughly studied. The cases are 
described clearly and in detail. The facts are presented impersonally and 
vdthout bias. There is a noticeable lack of special pleading or an effort to 
suggest that anj^ panacea has been found. The authors simply detail 
certain facts about a relatively new— and, to many psychiatrists— radical 
treatment of mental disease. 

But they do more than simply this. A definite step fonvard has been 
made in unraveling the psychophysiology of the frontal lobes. Whether 
or not the conclusions drawn on these points are correct, it must be admitted 
that, looked at solely as a bit of pure research and regardless of any benefit 
to the patients, important facts with regard to the functions of the frontal 
lobe have been discovered. 

The format of the book is excellent; the print clear; the illustrations 
more than adequate. Every' psychiatrist should read it if only for the pur- 
pose of developing arguments against the use of surgery in mental disease. 

F. G. 


P.\i.N'. Bv SiH Thojus Lewis, M.D., F.R.S., Physician in Charge of 

Department of Clinical Research, University College Hospital, London: 

Fellow of University College, London. Pp. 192; 27 figures. New York: 

The Macmillan Company, 1942. Price, S3.00. 

This monograph is a renew of the author’s e.xperimental work on pain, 
correlated with pertinent experiments of other investigators. Thus a well- 
rounded picture is obtained of the present status of the subject up to the 
time when the author's work was interrupted by war. The early chapters 
furnish the anatomic background, stating in detail which parts of the body 
may give rise to pain and which may not. The quality of pain is then 
analy'zed. It appears that the popular concept of pain as being pricking, 
stinging, burning, etc., is ill-founded; that the quality of pain depends not 
on the stimulus but on the tissue and that from the standpoint of pain 
there are only two kinds of tissues, the superficial and the deep. 

Superficial tissues comprise the skin and certain mucous membranes; 
deep tissues are what the term implies, and in addition, the glans penis and 
nasal muco.«a. Corresponding to the two ty'pes of tissue we have two types 
of pain and two onlv, which arc qualitatively different. These may be 
o.vemplified by pricking the .«kin {superficial pain) and by' squeezing the 
finger web (deep pain). 

The factors concerned in the pain of inflamed skin are discussed, though 
in less detail than the Reviewer would have wished. Head’s division of 
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scnsution into protopathic and epicritic is found not to be supported by 
more recent oliservations, and to be no longer useful as a hypothesis. 

The latter part of the book is concerned largely with referred pain, which 
is a subject too large for summarj’^ in this review. 1 will merely state the 
author’s opinion on how impulses arising from viscera, e. g., the heart, 
are referred to the distribution of somatic nerves of the same segment. 
Such reference, he believed, is due not to diffusion of impulses through 
the gray matter of the spinal cord, as postulated by Sturge, but rather 
take place in the sensorium. The viscera are represented in the sensorium 
only in mass and not in detail. Impulses received from such_ areas are 
referred by the sensorium to regions well represented in detail, that is, 
the somatic regions. The present work deals with pain in general rather 
than with pain of individual organs. And the general reader may be warned 
that this is not an easy book to read and comprehend. M. M. 


Medicau Mamual. of Chemical, Warfaue. (Anonjunous.) Reprinted 
by permission of The Controller of His Britannic Majesty’s Stati'onerj'- 
Office. Pp. 121 ; 10 plates, several tables. Revised Edition. Brooklyn, 
N. Y.; Chemical Publishing Company, Inc., 1942. Price, 82.50. 

This manual, prepared by the British for the use of inediogl officers in 
wartime, and now rejirinted in the United States, gives in concise form 
descriptions of the various gases used in warfare, the effects that the 3 ’- pro- 
duce, and the methods to be used in treatment. 

Gases are divided, as usual, into Vesicants, Lethal, Harassing and Acci- 
dental varieties. Of the vesicants, in fact of all the gases. Mustard Gas is 
still regarded as the most important and is given corresponding space. Its 
systemic effects arc understated, however, and as usual, its toxic effect on 
the bone marrow has been overlooked. 

The illustrations have been reproduced so badly that thej^ would much 
better have been omitted. Considering the size and price of the book, one 
might have expected a much better job, though it is still a useful, practical 
comjiend. E. K. 


Nefhhitis. By Leopold Lichtwitz, M.D., Chief of the Medical Division 
of Bic Montefiore Hospital; Clinical Professor of Medicine, Columbia 
Universitj'. Pp. 344; 120 illustrations. New York: Grime & Stratton, 
Inc., 1942. Price, 85.50. 

There is perhaps no branch of medicine in which our knowledge is increas- 
ing as rapidly as in Bright’s disease. A new monograph on this subject 
is scarcely justified un!e.ss it presents the results of modern work fully and 
clearly. This the present work docs not do. For example, the mechanisms 
of alimminuria and hypertension arc explained neither fully nor clearly 
from the modern viewpoint. The author appears to dislike the clearance 
tests. Probalily the most valuable part of the book is 25 case reports in 
tabular fonn showing the cfTccts on volume and specific graintj’ of the urine 
and on blood clicmistri- jiroduccd In' administration successivel.v of water, 
7.)0 cc. XaCI, 10 gm., and urea, 20 gm. The subjects covered are glo- 
merulonephritis and nephrosis, but not nephrosclerosis. M. M. 


.Vn^nual Review of Physiology. Bj- James Muriliy' Luck, Editor, 
Stanford Lnivcrsitj'. ^ olume IV, 709 pages. Stanford Universitv, Calif.; 
.American Physiological Society and Annual Review.^, Inc., 1912’. Price 
8.5.00. ’ 

„ ’^''”',P'‘nyYsc. nature, character, and scope of the Annual Review of 
liysiologY’ vs now well known. The reviews of the subjects presented in 
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this volume maintain the high standard set in previous years. The subject.? 
and authors of the reviews are as follows; Permeability— Blinks; Physio- 
logical Effects of Neutron Rays— Aebersold and Lawrence; Physiological 
Aspects of Genetics— Strandskov; Developmental Physiologj^- Hamilton 
and Willier; Water Metabolism— Peters; Growth— Avery; Energy Metab- 
olism-Chambers, Shorr and Barker; Physiology of the Skin— Baird, Lever, 
and Spies; Peripheral Circulation— Hertzman; Heart— Visscher; Blood- 
Smith; Digestive System— Van Lieve; Kidney— Shannon; Electrophysiol- 
ogj'— Gerard; Spinal Cord and Reflex Action— Ruch; Central Nervous 
System— Hines; Autonomic Neiwous System— Hare and Hinsey; Sense 
Organs— Hartline; Metabolic Functions of Endocrine Glands— Long; 
Physiology of Reproduction— Hisaw and Astwood; Ph}'siological Psychol- 
ogj'— Richter; Applied Physiologj'— Behnke and Stephenson; Pharmacology 
of Drug Addiction— Smith. S. G. 


The Retina. The Anatom}' and the Histology of the Retina in klan, 
Ape and Monkey, including the Consideration of Visual Functions, the 
Histor}' of Physiological Optics, and the Histological Laboratory' Tech- 
nique. By S. L. Polyak, M.D. Pp. 607; 100 illustrations Q in color). 
A fiftieth anniversary' publication of the University of Chicago Press, 
Chicago, 1941. Price, SIO.OO. 

Important information on the retina, scattered in journals, books and 
even in ancient manuscripts, has been diligently collected and presented 
by the author in a one volume monograph. In addition, he includes the 
results of his own inv'estigations on the retina and supplements his historical 
and morphologic sun'ey with a discussion on the physiologic problem of this ' 
complex organ. A large number of figures and an up-to-date bibliography 
make the book complete. The reader will be greatly satisfied, having in his 
hands a book written by a scholar who is master of his subject. This 
monograph is one of the most valuable contributions of recent years in 
the field of medical literature. G. deR. 


Edith C.\a'ell. By Helen Judson. Pp. 288; frontispiece of Edith 

Cavell. New York: The Macmillan Company, 1941. Price, S2.50. 

The stor}' of Edith Cavell, a supreme example of the German inability 
to comprehend the reactions of enemy' mind.s, regains the poignant interest 
that it held over the emotions of those engaged in the first World War. 
The author, who was able to interview Miss Cavell’s friends and relatives, 
visit the scenes of her activities and study' her unpublished letters and the 
complete Gennan dossier of the trial, gives a sati.sfying picture of this 
unique life of devotion to humanity', as such, culminating in her final 
famous remark to the Rev. Mr. Gahan in prison: "Patrioti.sm is not 
enough; I must have no hatred nor bitteme.ss to anyone.” It was in this 
sense that when Nationalism was rampant Shars classed her as “heretic” 
and it was this in turh that led the author to explain and set forth Miss 
CaA’cll's true personality. 

Those medically' minded will find a further interest in the effect of hered- 
ity' on her puritanical sense of duty' combined with kindliness and practical 
help_ to the unfortunate, and in her achievement in raising the nur.«ing pro- 
fession in Belgium to new standards and efficiencies. 

Though one may' disagree ivith the author as to the illegality of the execu- 
tion according to the German code (was she guilty' of “conducting .soldier.^ 
(mannschaften) to Uie enemy,”) the reasons offered for selecting for c-xecu- 
tion the only' English subject and one Belgian out of all those convicted 
seem cogent. For different reasons, this nurse stands with Florence 
Nightingale as the chief glories of the nursing profession. E. K- 
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Nutuitiokal Deficiencies. Diagnosis and TnEAT.^IENT. Bj" John B. 

Youmans, A.B., M.S., M.D., Association Profes.sor of Medicine and 

Director of Post-Graduate Instruction, Vanderbilt Universitj^ Medical 

Scliool, Nashville; assisted by E. White_ Patton, M.D. Pp. 385; 

14 illustrations. Philadelphia; J. B. Lippincott Company, 1941. 

I’rice, 85.00. 

The announced purpose of this volume is to glean from the great mass 
of the literature the information most helpful to the practising i)h3\sicians 
to “a proper under.standing and management of the nutritional deficien- 
cies . . . .” The vitaminoses naturally occupy the greater part of the book, 
but deficiencies of iron, iodine and protein are also included, together with 
brief mention of the role of the “trace” metals, kind of the essential fatty 
acids in nutrition. 

An appendix contains the factual material .summarized in tabular form, 
tables indicating the “excellent” and the “good” sources of the food 
factors, and detailed descriptions of accepted methods for diagnosing each 
deficiency (c. g., the use of the Cowgill chart or the Williams and Spies 
formula for detennining the adequacy of the vitamin intake). A useful 
index is included. E. W. 


Essentials of Pathology. Bj’’ Lawtience W. Smith, M.D., Professor 
of Pathologj’’, Temple University School of Medicine, and Edwin S. 
Gault, M.D., Associate Profes.sor of Pathologj’-, Temple University 
School of Medicine. Foreword by James Ewing, M.D., of the Memorial 
Hospital, New York City. Second Edition. Pp. 960; 685 illustrations, 
140 plates, many in color. New York: D. Appleton-Centurj’ Company, 
Inc., 1942. Price, 810.00. 

PuiisuiNG their original ideal of a practical, concise, up-to-date text 
which eliminates confusing details and imprints vividly upon the minds of 
medical students only the fundamental facts of pathologj^, the authors have 
retained the illustrative and repetitive feature of case histories and abundant 
])ictorial material, sacrificing minutia! for brevity. The section on the 
fundamental pathologic processes has been enlarged and amplified to 
include pathologic ph}^siolog}’■ and some modern theories, the case histories 
have iieen shortened, and a bibliography has been added. As in the first 
edition, emphasis is placed upon such currentty important problems as 
neoplasms, parasitic infestations, and oral and respiratorj" diseases, with 
])crhaps too little on such older favorites as srqihilis, and central nervous 
sj'stem tumors. 

8ui)i)lcmentcd by complete lectures and demonstrations, the volume 
should lie adequate, perhaps ideal, for basic reading, but cannot be used 
ns a reference handbook. ;M. F. 


The P.\thology of Trauma. By Al.an Richakd.s Moritz, M.D., Profes- 
sor of Legal ^ledicine, Harvard IMedical School; Lecturer in Legal 
Medicine, Tufts College 5Iedical School; Pathologist, Ma.ssachusetts 
State Dept, of Public Safety. Pp. 386; 117 illustrations. Philadelphia; 
Lea A Fcbiger, 1942. Price, 86.00. 

5 HE fir-^t part of this book deals with general considerations of the rela- 
tion of traum.a to infection, trauma and tumors, types of injurious agents, 
and general tis.«ue reactions to injurv'. Then the gross and micro.'copic 
pathology- of each organ is dealt with separatelv. In addition to ana- 
tomic change-s many functional disorders are discussed, such as shock, 
neurogenic disturbances of the cardiovascular .sj’stem, post-traumatic 
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neurogenic disturbances of the bladder, sequence of functional changes in 
asphyxia. 

There are descriptions of the changes resulting from detonations of 
explosives, but the emphasis is not upon the effects of modem warfare but 
rather upon the traumatic injuries encountered b}”^ any pathologist, with 
quite detailed information useful in medicolegal cases of violent deaths and 
settlements for compensation for accidents. 

The book is full of interesting and unu.sual observations, accurate details, 
and has many e.xcellent photographs. The author UTites critically and 
expresses sound judgment, and an unbiased point of view when presenting 
controversial matters. I. Z. 


NEW BOOKS 

Edinburgh Post-Graduate Lectures in Medicine. Vol. 2 (1940-41). Pp. 540; 
several figures. London, Eng. : Oliver & Body, 1942. Price, 12/6 net. 

Pulmonary Tuberculosis and Its Treatment. B}' H.vns Jacob Ustt'Edt, 
M.D. (Oslo), First Assistant Phj'sician to the State Hospital, Oslo; 
Formerly First Assistant Physician to the Ullevaal Municipal Hospital, 
Oslo. Translated b}’ A. L. Jacobs, M.R.C.P. With a Foreword by 
W. D. W. Bhooks, D.M. (Oxon), F.R.C.P. Pp. 252; 45 figures. Lon- 
don, Eng.: John Bale & Staples, Ltd., 1942. Price, 25/-. 

The Modern Treatment of Venereal Diseases. Bj' E. T. Burke, D.S.P., 
ALB., Ch.B. (Glas.), Lieut.-Col. (late) Royal Army Medical Cor]is; 
Formerly Director of the London County Council (UTiitechapel) Clinic; 
Consul and Venereologist in the Public Health Department of the Lon- 
don County Council; Lecturer in Venereal Diseases in the London Hospi- 
tal Medical College, Univ. of London; Alember of the Sub-Committee 
on Antisyphilitic Remedies of the Therapeutic Trials Committee, Medi- 
cal Research Council; Assistant Editor, “British Journal of Venereal 
Diseases.” Pp. 105, many tables. London, Eng.; John Bale & Staples, 
Ltd., 1942. Price, 12/6d. 

Synopsis of Pathology. By W. A. D. Anderson, M.A., AI.D., Assistant 
Professor of Pathologj', St. Louis University School of Aledicine; Patholo- 
gist, St. Alarj^’s Group of Hospitals. Pp. 661; 294 illustrations, 17 color 
plates. St. Louis, C. V. Alosby Company, 1942. Price, S6.00. 

This volume is intended to fill a gap which has e.xisted between the verj’ 
mentarj' manuals of pathologj' and the abundant excellent larger textbooks and 
reference works. By the presentation of pathologj" in a compact and condensed 
form, it is designed to be useful to the medical student, to the dental student 
studj-ing general pathologj", and to the clinician who must maintain familiarity 
with the foundation sciences of medical practice .... The objectives of the volume 
preclude bibliographic reference to many authors w-hose w"orks ha%"e been consulted, 
although indebtedness to them is acknowledged. The references w"hich have been 
included were ehosen because thej" are re\iew"s, or refer to subjects in ■n"hich there 
has been recent interest or advance in knowledge. This volume partakes of many 
merits and limitations of w-orks of its kind. E. K. 

Microbiology and Man. Bj' Jorgen Birkeland, Ph.D., Assistant Profes- 
sor in Bacteriologj", Ohio State University. Pp. 478; 35 figures. Balti- 
more: Williams & Wilkins Compan3', 1942. Price, 84.00. 

The Plcuro-subpkural Zone. Bj- J. vSkladal, Reader in General and 
Experimental Pathologj", Caroline Universitj", Prague; Head of the 
Chest Department, Bulovka Hospital, of the City of Prague; Consulting 
Phj"sician, the Masarj", Institute for Treatment of Lupus, Prague-Motol. 
Pp. 103; 11 plates. Cambridge: The Universitj" Press; New York: 
The Macmillan Company, 1942. Price, S275k. 
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Fluorine and Menial Health. Edited by Forest Ray Moulton. Publica- 
tion of the American Association for the Advancement of Science, 
No. 19. Smithsonian Institute Bldg., Washington, D. C. Publication 
Committee, H. Tuendley Dean, Paul C. Kitchin. Pp. 101; many 
figures and charts. 1942. Price, .S3.00. 

NEW EDITIONS 

National Formulary. Prepared by the Committee on National Formu- 
larj’’ by authority of the American Pharmaceutical Association. Official 
from November 1, 1942. Seventh Edition. _ Pp. 690. Washington, 
D. C.; American Pharmaceutical Association, 1942. Price, S6.00. 

Conforming wtli the new practice of the TJ. S. Pharmacopoeia, this revision has 
been made 5 instead of 10 years after the previous one and becomes official on 
Nov. 1, 1912. Although it is still primarily a book for the pharmaceutical rather 
than the medical profession, N.F. VII contains a new chapter on ingredients of 
reagents and preparations for use in the clinical laboratory, including a summarj' 
of the chemical and physical properties of the various substances involved, which 
should make the book distinctly useful to workers in clinical laboratories. As 
compared with N.F. VI, this edition contains 97 new items, 71 of which were offi- 
cial in the last (XI) revision of the U.S. Pharmacopoeia but are not included in the 
forthcoming XII revision; in this list are such things as vinegar of Squill, Cantharis, 
Creosote, Dichloramine T, Guaiacol, Iodoform, Kino, Dover's Powder, Santonin, 
Syrup of Ferrous lodid. Tincture of Ferric Chloride, 'Tincture of Veratrum Viride, 
and Trionnl. Thus is retained the traditional status of the N.F. as an official 
repository for drug preparations that are declining in popularity but are still 
rather widely used. C. S. 

Stedman’s Practical Medical Dictionary. By Stanley Thomas Garber, 
B.S., M.D., University of Cincinnati, College of Medicine. Fifteenth 
Edition, revised, with Etjmiologic and Orthographic Rules. Pp. 1257. 
Baltimore: Williams & Wilkins Company, 1942. Price, with Thumb 
Index, S7.50; without index, S7.00. 

This now edition, after 3 years, the first to appear under the sole authorship of 
the late Dr. Stedman’s noi)hcw, worthily maintains the high standard and 
tradition of its predecessors. This edition has been completely reset, has 45 fewer 
pages than the 13th edition and is slightly smaller. The changed type is less 
pleasant to the eye, but probably saves searching time. As one would expect, 
hundreds of now titles are included and many that have become obsolete have 
been omitted. The latest variations in bacterial terminologj’ (see Bergoy’s Man- 
ual, 1939) have been included, so that one should now master 500 new species, 
new genera, families and even a new order— "Canlobacterioles,” as well as new 
names for old acquaintances. Fortunately, chemical synthetics are not offered 
in the same detail! E. K. 

The Care of the Aged {Geriatrics). By Malford W. Thewlis, M.D., Attend- 
ing Specialist, General Medicine, U. S. Public Health Hospitals, New York 
City; Attending Phj'sician, South County Hospital, Wakefield, R. I.; 
Special Consultent, Rhode Island Dejiartment of Public Health. Fourth 
Edition. Pp. 5S9; 50 illustrations. St. Louis, C. V. Alosby Company, 
1942. Price, S7 .00. 

Gray's Anatomy. By Henry Gr.\y, F.R.S.; Late Fellow of the Royal 
College of Surgeons; Lecttirer on Anatomy at St. George's Hospital 
Medical School, London. Edited by Warren H. Lewis, B.S., IM.D., 
Jilcmber, the Wistar Institute of Anatomy and Biolog%’, Philadelphia. 
Twenty-fourth Edition. Pp. 1428; 1258 figures, mo'stly in colors. 
Philadelphia: Ixia & Febigcr, 1942. Price, 812.00. 

Starling's Principles of Human Physiology. Edited and Re\i'ed bv C 
Lovatt Ev.ans, D.Sc., F.R.C.P., F.R.S.. LL.D. (Birmingham), Jodrcll 
Professor of Physiologj- m University College, London. Chapters on 
the Special Senses Rc\-iscd l>y H. H.uitridge, M.A.. M.D SoD 
F.R S ; Professor of Phpiolog>* at St. Bartholomew's Medical College. 
Eighth Edition. Pp. l2o7; 673 figures. Philadelphia: Lea & Febiger, 
1942. Price. 810.00. ^ ' 
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THE TREATMENT OF MENIERE’S SYNDROME 

It was early in the course of our o'wn Civil War, in 1861, to be exact, 
that iMeniere®“ described a group of sjunptoms which he thought con- 
stituted a separate disease entity. His description of the symptoma- 
tology of the disease which bears his name is a classic, and little has 
been added through the years. Mdniere’s s;>Tidrome is common, 
affects people in the middle years of life, and shows a characteristic 
triad of symptoms: vertigo, tinnitus and deafness. The etiology is 
unknown; its pathology is still a subject for investigation and some 
degree of speculation. The treatment of Mrai^re’s syndrome remains 
a varied one. 

At the present time the most effective treatment of Aleniere’s syn- 
drome may be divided into two categories: medical and surgical. 
According to Grove," surgical intervention should be reserved for those 
patients who have not responded to a medical regime, to those patients 
who for economic or other reasons cannot be kept on a medical regime, 
and for those patients whose occupations are such as to preclude the 
possibility of any return of the vertigo because of carelessness in follow- 
ing a medical regime. Of the surgical measures proposed, it seems to 
Grove that total section of the acoustic nerve is indicated for those 
whose hearing in the affected ear has fallen below a usable level and 
that the differential section of the vestibular portion of the nerve is 
the operation of choice for those with usable hearing. These operations 
should not prove hazardous in the hands of the competent neuro- 
surgeon. Dandy® maintains that ileni&re’s sj-ndrome can be perma- 
nently cured by division of the auditory nerve. The procedure cames 
almost no risk to life. When there is reason to save remaining hearing, 
partial division of the nerve is done. The vestibular branch can he 



OTO-RHIN'O-LARYNGOLOGY 


599 


divided, leaving a part of the auditory branch intact. Generally, three- 
fourths of the anterior part of the auditory nerve is sectioned to insure 
total elimination of the vestibular fibers. Division of three-fourths of 
the auditory branch of the nerve does not affect hearing, apparently 
because of redundant fibers carrying similar functions. If there is a 
division of one auditory nerve, or onlj' its vestibular portion, no perma- 
nent loss of vestibular function ensues. Immediately follovdng opera- 
tion the patient may or may not have transient attacks of dizziness 
not unlike an attack of Menihre’s syndrome. Gradually, ho\vever, it 
decreases and then disappears. Only occasionally will it persist for a 
long period of time. Tinnitus, too, may or may not disappear follow- 
ing section of the nerve; if it persists it may or may not improve, but 
in about 50% of cases it disappears completely. Section of the entire 
eighth nerve or its vestibular portion usually eliminates the violent 
attacks of vertigo, but that it does not always do so is indicated by 
Walsh and Adson*'' who state that of 20 patients who had a section of 
either the whole nerve or its vestibular portion, 15 were able to resume 
their work, and of the remaining 5, 3 were highly nervous women. 
They .suggest that in those cases which do not gain relief from the total 
nerve section the condition is bilateral and the opposite vestibular nerve 
should be sectioned, but in the majority of cases the vertigo, if not 
completely eliminated, is improved to the e.vtent that the individuals 
can resume their occupations. Mollison® e.xposes the prominence of 
the c.xternal semicircular canal by a simple mastoid operation and 
injects a few drops of absolute alcohol into the membranous canal after 
removal of its bony covering. He reports that 74% of patients op- 
erated upon considered themselves cured, 10% as not benefited, and 
10% lost track of. Berggren^ employs the same method of alcohol 
injection but through another approach. He makes a flap of the 
entire posterior one-half of the membrana tjmipani, turns it upward 
and forward, and after scarifying the mucous membrane over the 
promontory he perforates the bone in this region vith a dental burr. 
Putnand- suggests drilling into the superior canal with a burr through 
a subtemporal approach and then destroying the labyrinth by coagu- 
lation. 

As a result of their experiments, observations and therapeutic results, 
iMygind and Dederding” conclude that in Meniere’s syndrome there is 
a disturbance of water metabolism not only in the car but also, with 
individually varying location, in greater or smaller parts of the entire 
organism. These <listurbances have a tendency to periodic fluctuation 
caused by a scries of external and internal factors which seem to exert 
their action essentially through a partly local, partly general, vaso- 
motor— e.spccially capillariomotor— dysfunction. In ' the past their 
treatment consisted of a restricted fluid intake of about 700 cc. daily 
and sometimes even as low as 350 to 400 cc.. a diet low in salt for the 
purpose of increasing diuresis, a reduction diet for patients who were 
overweight, together with exercise, massage and light therapy to 
stimulate vasomotor tone. Furstenberg, Lashmet and Lathrop'’’ dis- 
agree with the deductions of Mygind and Dederding, namely that 
water retention is the cause of the Aleniere syndrome and when the 
body accumulates water that .codium is also stored, and direct their 
treatment to a rtHluction of the body sodium. They maintain that 
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the retention of water and sodium will produce an attack; but loss of 
water and sodium does not produce an attack. The retention of water 
■\nthout sodium will not produce an attack, while the loss of water with 
a retention of sodium will produce an attack. Furstenberg therefore 
places his patients on a salt-free diet to limit the intake of sodium, 
and on ammonium chloride to encourage an increased e.vcretion of 
sodium while permitting the patients all the water desired. He states 
that the water intake need not be considered if the concentration of 
the sodium ion in the body is kept at a low level. Brown^ and Bartels* 
have reported favorable results with this regime. Walsh and Adson'* 
report a series of 186 cases of •which 152 were treated with a low salt 
diet ■\\dth or -wnthout the addition of medication for salt elimination. 
They employed potassium nitrate instead of ammonium chloride and 
found it to be as efficacious. Of the 152 patients treated with a low 
salt diet ■with or ■ftdthout the addition of sodium-eliminating medication 
they found 34 % experienced complete relief of the vertigo, 28 % experi- 
enced variable degrees of improvement, and 38% experienced no 
relief whatever. Morscffi® treated 4 patients ■«dth Meniere’s syndrome 
who also had symptoms of avitaminosis for -vitamins A and C. He 
reports an improvement in the vertigo, tinnitus and deafness after 
intensive vitamin treatment. 

In 1940 Shelden and Horton'^ advocated the use of histamine in all 
cases of Meniere’s syndrome -ndthout exception and claimed imme- 
diately satisfactory results in a large proportion of cases. They reject 
the views which place pathologic changes in Alenihre’s sjmdrome in 
various cerebral structures and believe that the lesion is situated in the 
inner ear, that it consists essentially of localized alteration in permea- 
bility of the capillary wall and that this causes regional edema. The 
lab\Tinth is held to be the specific site most frequently involved, and 
tinnitus and diminution of hearing is considered evidence of secondary 
cochlear involvement. Four of 15 patients were treated by the sub- 
cutaneous route and 11 intravenously. The patients in the latter 
group were given intravenously from 1 to 3 doses of 1.9 mg. histamine 
acid phosphate dissolved in 250 cc. normal physiologic salt solution. 
The time for each administration -wms approximately I 5 hours. Spec- 
tacular results -were reported in all 15 patients, and no ill-effects were 
noted following the use of histamine. For the prevention of future 
attacks, Horton finds that an adequate maintenance dose is usually 
0.1 to 0.2 mg. histamine given subcutaneously 2 to 4 times a week. 
In commenting on the work of Shelden and Horton, Woltman'® states 
that because of its value and ready applicability he does not believe 
that the treatment proposed by Furstenberg -will be supplanted by the 
histamine treatment, but that the latter is of great value when vertigo 
and vomiting are extreme. 

To Atkinson’ it seems not unjust to conclude from the evidence he 
has found that histamine is not suitable for universal application in 
cases of IMeniere’s syndrome. It is suitable for selected cases only, and 
only by assigning individual cases to their correct group can effective 
treatment be assured. It is on a par -ndth typing pneumonia cases for 
serum treatment. Confusion has crept in— his mail is ample evidence 
of it and the precipitating cause for his paper — because histamine has 
two effects, an immediate and a remote, and the two have not been 
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distinguished. The immediate effect is vasodilator, in consequence of 
which it often gives immediate and sometimes dramatic relief from a 
vasoconstrictor attack, though no more immediate or dramatic than 
other peripheral vasodilators. Its remote effect, by inducing a resis- 
tance to its action in the body in the same way in which a vaccine 
produces a resistance to the effects of a microorganism, is nz'Z or actu- 
ally even vasoconstrictor. For this reason its repeated administration, 
while exceedingly effective in the vasodilator group as a desensitizing 
agent, in vasoconstrictor cases not only fails, after the initial doses, to 
produce the desired effect but sometimes even makes matters worse. 
Histamine will not relieve all, or even most, cases of Meniere’s sjmdromc. 
Preliminary accurate grouping is essential to success. 

Noah D. Fabricant, M.D. 
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PHOTODYNAMIC EFFECTS IN DERMATOLOGY 

Part n 

'Inis paper is a continuation of a review in the previous volume 
(.'Im. J. Med. Sc{., 203, GOS, 1942) on Photodynamic Effects in Derma- 
tology, in which we propose to discuss the diseases with a prominent 
cutaneous aspect in which ijhotodynamic effects appear to play a lead- 
ing part. Because of the voluminous material, the discussion will be 
limited to diseases in humans, and only some of the more important 
diseases will be discussed in detail. In addition, some mention will be 
made of iircvcntion and treatment of the local cutaneous reaction to 
light. 

The effects of light on the abnormal or morbidlv reacting skin of 
human beings has been known for about 150 years. 'Rascld“ has sum- 
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marized the important contributions dealing with the development of 
knowledge concerning the diseases of the skin which are caused, in 
part, at least, by light. The first to describe one of the diseases pro- 
duced by the sun was Willan,*®® in 1798. He called the condition 
eczema solare, but Rasch believes Willan’s disease to be similar to the 
eczema-like poljTnorphic light eruption later described by himself. 

In 1835 Rayer*®® described a patient with vesicular and papular 
lesions on the hands and back produced by light, and in 1860 Bazin® 
described hydroa vacciniforme. Kaposi®® (1870) described .xeroderma 
pigmentosum but was not aware of the relationship of this disease to 
light (Unna,^®^ 1894). Other conditions were subsequently described: 
J. Hutchinson®® (1878), prurigo aestivalis; VeieP“® (1887), eczema solare. 
In 1906 and 1907 Dubreuilh^*' stated that most of the epitheliomata of 
the face and so-called senile alterations of the skin were produced by 
the light’s rays. 

As is the case even today, confusion has marked the clinical differen- 
tiation of these various dermatoses. The early attempts to classify 
them were largely clinical and the onlj’- evidence that light was a causa- 
tive factor was the fact that the eruptions were limited to the exposed 
parts, and that the patient gave a history of exposure to sunlight just 
before the attack. Rarely was there an attempt to reproduce the 
lesions by exposure. Further stimulation to study of these diseases 
was the discovery of porphyrin by McCall Anderson® (1898) in the 
urine of 2 patients with hydroa. Subsequent demonstration of photo- 
dynamic action and a possible allergic mechanism to explain abnormal 
sensitivity to light have been discussed in the first part of this rewew. 

That animals have diseases due to photosensiti\'ity has likewise been 
known for over 150 years and the various diseases have stimulated 
considerable research. The reader is referred for complete discussions 
of the photodjmaraic diseases in animals to Mathews®®®"’*’’' and Blum.*®"’® 

Blum'®"’*’ has formulated simple requirements comparable to the 
laws of Koch in microorganismal diseases, before a given condition may 
be attributed with certainty to photodynamic action: 

1. The symptoms of light sensitivity must be elicited by exposure of the 
animals to sunlight, preferably to sunlight through window glass. 

2. A photodynamic substance must be isolated in pure form, which will 
produce the symptoms if injected into the experimental animals only when 
followed by exposure to light. 

3. It must be demonstrated that the wave-lengths which produce the sen- 
sitivity in postulates (1) and (2) are identical. 'The study of the absorption 
spectrum of the photosensitizing substance isolated in the development of postu- 
late (2) should be of assistance in establishing postulate (3), since the action 
spectrum for the production of the sym.otoms of photosensitivity should resem- 
ble the absorption spectrum of the substance. 

These requirements are not necessarily fulfilled in all diseases usually 
attributed to light, but nevertheless they offer a guide for future study. 
While they were apparently proposed for diseases in animals, they 
apply with equal force to man. 

Numerous classiheations of diseases, either produced or affected by 
light, have been proposed. Blum’s'®*’ attempt to dev’elop a simple 
general classification is a step in the right direction, particularly from 
the experimental standpoint. His classification is as follows: 
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A. Skin lesions produced only by radiatiqp which induces the sunburn of 

normal skin (wave-lengths shorter than 3300 A). (Polymorphic light eruption; 
skin cancer; xeroderma pigmentosum.) . i • 

B. Skin lesions due to abnormal photosensitizing substances m the skin. 
(Urticaria solare.) 

Wc have adopted that of Hausmann and Haxthausen'^^ (1929), not 
because it is necessarily the most e.vaet, but because it is clinical. The 
Hausmann and Haxthausen elassification is as follows; 

I. The action of light on pathologically lightrsensitive skin. 

A. Hydroa aistivale. 

1 . Hydroa aistivalo with congenital porpliyritiuria. 

2. Hydroa aistivale with chronic porphyrinuria. 

3. Hydroa cestivale without porphyrinuria, 

B. Chronic polymorphic light eruption. 

C. Pellagra. 

D. So-called pellagroid eruption due to light. 

E. Unclassified eruptions due to light, accompanying metabolic and 

other internal disturbance. 

F. Sensitization of the skin to light by medicaments. 

1. Exogenous. 

2. Endogenous. 

G. Xeroderma pigmentosum. 

H. Late xeroderma pigmentosum, Seemanshaut, other photogenic forms 

of skin cancer. 

I. Degeneration of elastic and collagen tissues of the skin. 

J. Photoelectric dermatitis. 

II. Skin diseases exacerbated or precipitated by light. 

A. Action of light on acute cxanthcmic infections. 

1. Variola. - 

2. Other acute exanthemata. 

B. Intrinsic skin diseases. 

1. Acne vulgaris. 

2. Eczema. 

3. Multiform exudative erythema. 

‘1. Lupus erythematosis. 

5. Pityriasis strcptogcncs faciei. 

G. Psoriasis. 

7. Bosacea. 

8. Toxic exanthemata. 

9. Urticaria. 

10. Other skin diseases. 

Many review .studies liavc appeared from time to time dealing with 
the various dermato.ses produced by light. Among them are those of 
Rasch,'“ Greenbaum,®*" Anderson and Ayres," Bechet,"° Mercer,'-® 
S. Epstein,'® Hul)ncr,“ Lampe,"- and especially the monograph of 
Bhim.''^'’ Special studies devoted to individual phases of this problem 
will be mentioned in appropriate places. 

Hydroa Vacciniforme seu .ffistivale. Since Bazin^ (1860) first de- 
scribed hydroa vaceiniforine there have been several designations for 
this disease or variations of it, leading to much confusion. Rasch'®® 
i)elievod that the name Inidroa racciniformc had been applied to two 
different diseases, that described by Bazin, the typical form resulting 
in eioatrix; and the other, consisting of a special symptom complex 
composed of porphjTimiria, the outbreak of large pemphigus-like blebs 
on the face, ears, and hands, which lead to gangrene and a great los.s 
of substance, and was firet attributed to the action of light by McCall 
.Hidet^on.® Prurigo jcstivale is also confused rvith hydroa vacciniforme. 
Epstein'® has shown that Pick’s"* differential criteria for prurigo 
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aestivale are all subject to exception, making the absolute differential 
diagnosis impossible. In addition, the occurrence of porphjTinuria and 
mutilating dermatoses of the exposed parts have led a number of 
authorities to discuss the porphyrias as part of the same picture. 
Because hydroa is not associated with all cases of chronic or congenital 
porphjria and because porphjTinuria does not occur in many of the 
cases of hydroa, we are discussing the two subjects separately. 

Clinically, hydroa vacciniforme sen aestivale consists of an eruption 
of variously sized bullre appearing early in life, gradually subsiding 
after puberty, usually distributed on the exposed parts. In the major- 
ity of the cases scarring occurs with resultant severe disfigurement of 
the nose, ears and fingers. In certain abortive cases, scarring may be 
absent. In others the scarring may be so e-xtensive as to resemble 
scleroderma. Hypertrichosis, anJ excessive sen- 
sitivity to trauma (epidermol; ■ ' ^ ■ y be present. Por- 

phjTinuria maj' be associated with the cutaneous lesions and occasion- 
allj’^ alterations in the liver and spleen may also be noted.*^^ Keratitis 
has also been observed. The teeth may be discolored bj'^ porphjTin. 
In some cases there may be an hereditary factor. 

As in many phases of the problem of light-sensitive dermatoses, Blum 
and his associates*®*"'^^'^ have been instrumental in furthering our under- 
standing of hj-^droa vacciniforme. Because of the occurrence of por- 
phyrinuria in certain cases of hydroa vacciniforme it was felt that this 
substance might be the photosensitizing agent involved in the produc- 
tion of such lesions. If hj'droa lesions are the result of such action, 
they should be reproduced by the same wave-lengths as those to which 
porphjTins sensitize the skin. If porphjTin really were the sensitizing 
substance, Blum and Pace® thought it should be “possible to produce 
the lesions of hj^droa bj’ subjecting the skin to anj"^ w'ave-lengths 
betAveen the lower limit of sunlight (about 2900 1) and about 6500 A, 
proAnded the intensitj^ and time of exposure Avere great enough; but 
the greatest sensitiAutj' should lie betAA'een about 3000 A and 4500 A.” 
Blum and his associates, in common with many other inATStigators 
attempted to reproduce the lesions experimentallj'. The results of 
these studies AA'ere A’aried and inconclusiA'e. They failed to demonstrate 
that the lesions of this disease are produced bj’’ the AA'aA'e-lengths to 
Avhich porphj'rins sensitize the skin. They also found that repeatetl 
exposure to radiations which elicit sunburn in normal skin failed to 
reproduce the hj’droa lesions. 

Porphyrias. There is a group of congenital disturbances of unknoAvn 
etiology characterized by a disturbed metabolism of the pj’rrols and 
associated AA-ith the excretion of large amounts of porphyrins. Por- 
phjTia is to be distinguished from porplij-rinuria, Avhich refers merely to 
the excretion of abnormallj- great amounts of prophyrins in the urine. 
Gunther"' classified the various clinical subgroups in this concept as 
modified bj' 'Waldenstrom,-®' into congenital, acute, and chronic types. 

Recent contributors to the studj' of these conditions are MathcAVS,’^ 
Turner and Obermaj-er,'®® Turner,*®®” Dobrinerand Rhoads,®* ScliAvartz 
and Watson,'"' Nesbitt and Watkins,'®® and Hoagland.*® Most of 
these studies are fullj- documented and bring the subject thoroughly 
up to date. 
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Conqcnital porphyria is attended with great sensitivity to light and 
the excretion of large amounts of Type I porphyrins. This type of por- 
phyria was recently reviewed by Turner and Obermayer'®” who discussed_ 
8G cases, 9 of which were considered doubtful. Dobriner and Rhoads®' 
summarized the clinical manifestations as “ (1) The excretion of large 
amounts of porphyrin; (2) discoloration of the teeth and bones by 
impregnation with uroporphyrin I; (3) sensitivity of the skin to light 
in the spring and summer, a symptom which often appears first in 
childhood. Blistering of the exposed areas of the face and extremities 
is observed, and the lesions heal with scar formation followed in many 
cases by deformity of the affected tissue.” Turner and Obermayer 
point out, however, that hydroa vacciniforme is not the only dermatosis 
associated with porphyria, since approximately 14 cases of epidermolysis 
bullosa and other dermatoses have been less rarely reported in this 
connection. In some instances porphyrins have also been absent. 
Turner and Obermayer cited other less common concomitant findings 
in their review, including lesions in the eyes, the thyroid, the liver, the 
spleen, and the blood (anemia). Schreus and Carrie'^® record that por- 
phyrin was found in the blister fluid. The urine in congenital porphyria 
is \isually burgundy red with a brown tinge (varies from pale pink to 
almost black) and contains large amounts of coproporphyrin Type I 
and uroporphyrin Type I. The feces may contain an abnormally large 
amount of coproporphyrin. 

Turner and Obermayer were unable to reproduce e.xperimentally the 
eruption typical of porphyria in their patient, but note that their failure 
was one of a long series. They hypothesize that ” in view of the exis- 
tence of hydroa, epidermolysis bullosa and porphyria as independent 
clinical entities, and in consideration of the familial occurrence of each, 
it is suggested that each is a genetically different disease. The frequent 
coexistence of porphyria and a cutaneous disease may depend on some 
spatial or chemical relationships of the genes determining these condi- 
tions.” 

Acvic Porphyria. Acute porphyria has been studied especially re- 
cently by Mason, Courville and Ziskind,’®® Waldenstrom,®®' Dobriner 
and Rhoads,®' Turner,’®®" Schwartz and Watson,”’ Nesbitt and Wat- 
kins,'®® and Hoagland.®® Acute porphyria has been subdivided into 
toxic and idiopathic varieties, but Nesbitt and Watkins’®® believe that 
both types probably represent the same condition. Clinically, acute 
porphyria is characterized chiefly by gastro-intestinal disturbances and 
central nervous system involvement. While there may be spotted pig- 
mentation, the skin is little affected, and the patients rarely show light 
sensitivity, but do excrete large amounts of uroporphyrin Type III, 
especially during the acute phase. It is a familial disease, probably 
inherited as a dominant AIcndelian characteristic. Turner states that 
the acute manifestations arc relieved by intravenous calcium therapy. 

Chronic Porphyria. This type of porphyria occurs in patients who*se 
condition cannot be classified either as congenital or acute and is char- 
acterized by an increased excretion of porphyrins (coproporphvrin 
Tyi)es 1 and III; uroporphyrin Types I and III in various reported 
cases.®' Patients with this type of porphyria arc somewhat sensitive 
to light, responding with hydroa-like lesions. 
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Chronic Polymorphic Light Eruptions. Although various dermato- 
logical pioneers ascribed cutaneous affections of an eczematous char- 
acter to light, it remained for Rasch in 1900'“ to group a number 
of these eczematous dermatoses under the heading of “eczema-like 
poljTnorphic light-eruption,” which his pupil Haxthausen"® subsequently 
clarified. Rasch included in his concept a “rash, which causes intense 
itching, consists partly of oval and round, slightly raised, erythematous 
spots of variable size, partly of irregular grouped vesicles and partly 
of small scab-covered papules. On the hands, which are diffusely 
swollen and cyanotic, there are found numerous infiltrated, or urticarial, 
erythematous plaques and remnants of pustules with a small centra! 
dimpled scab.” He believed that one should group all light-induced 
eruptions of a papular, erythematous lichenoid and urticarial type under 
the collective term, “chronic polymorphic light dermatitis.” Hax- 
thausen classified under this concept Hutchinson’s summer prurigo, 
eczema solare, prurigo sestivale and summer acne. Rasch believed 
that certain skins reacted to the same stimulus with different mani- 
festations but Urbach and Konrad*®^ have seen patients with alterna- 
tion of lesion types in different attacks. 

The literature on this subject has become e.\tensive and much of it 
consists of case reports. Among the chief recent contributions are 
those of Rasch,'“ Urbach and Konrad,'®^ Timner,'®®*’ S. Epstein,'* and 
Blum.'*'" 

Blum'*® has, we believe, collated convincing data to show that there 
is a sound reason for collecting these cases into one group. He states 
that most of the patients respond abnormally to the sunburn spectrum. 
A few of them, however, react abnormally to other wave-lengths. 
Urbach and Konrad'** found their patients sensitive to wave-lengths 
between 4900 and 7000 AU. Templeton and Lunsford*** found 1 of 
their 2 patients sensitive to sunlight but not to wave-lengths longer 
than 3340 AU. Shaumann and Lindholm’s'** patient was sensitive, 
according to Blum, to the sunburn spectrum. These authors in 1938 
demonstrated absence of sensitivity to xdsible radiation. Turner'**'’ 
felt that the sun “ causes the prurigous eruption by acting on a ‘ primary 
reacting substance’ whose absorption spectrum shows a sharp rise and 
fall between 3020 A and 3125 A.” 

The mechanism underlying the production of this type of light- 
sensitive dermatosis is unknown. There are some'*’*'’** who maintain 
from their experience that allergy plays an important role, and the 
definite reports of passive transfer of the sensitization***’*' point to this 
conclusion. Turner'*** stated definitely, on the other hand, that this 
is not a condition properly described as “physical allergy.” Miihlman 
and Akobjan'** rendered rats sensitive to the mercury arc irradiation 
by injecting blood serum from a patient with prurigo testivale. Rasch 
thought there was an hereditary factor in some of the cases. Jausion 
and his co-workers®'-®* have attempted to demonstrate a bacteria! origin 
for polymorphic light eruptions and recommended gold therapy. 
Riccioni'*' suggested an endocrine factor in the cause. Porphyrinuria 
has been demonstrated in some of the patients, but no eridence ha.s 
been produced to prove that the eniptions are due to a photosensitizing 
substance. 
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Photosensitivity in Pellagra. The connection between sunlight and 
the dermatitis of pellagra was first noted according to various re- 
viewers'- by a number of authorities about 1771 to 1794.1.38,56,183 
In 1792 Gheradini®* produced skin lesions and other signs and symp- 
toms of pellagra in 10 pellagrins by exposure to the sun’s rays. In 1794 
Strambio^®^ produced skin lesions repeatedly on various parts of the 
body by exposure of pellagrins to the sun. Since these historic begin- 
nings the influence of the sun’s rays on the lesions of pellagra has been 
a subject of deliate. Smith and Ruffin’s^” admirable summary of this 
relationship states: 

Cnsal noted a seasonal variation in the incidence of pellagra, with a peak 
which corresponded to the spring equinox. In Italy one of the common names 
applied to this disease by the peasants is mal del sole (disease of the sun), while 
certain Italian pliysicians have described the lesions as due to “sunstroke of 
the skin.” Many modem clinicians have stated their conviction that there is 
a close relationship between exposure to sunlight and the development of cuta- 
neous lesions in a pellagrin. Various observers have produced typical cutan- 
eous lesions in a pellagrin by exposing normal or recently healed areas of skin 
to direct sunlight. Glierardini demonstrated the effect of the sun by systemat- 
ically uncovering various parts of the body of each patient. Bouchard, Hameau 
and Orinsby had their subjects wear fcnc.strated gloves; Wilson had them expose 
both arms,' and we liave produced typical lesions in subjects by having each 
expose one arm to direct sunlight. Randolph prescribed a sun bath for a Negro 
with pellagra. After a short period of exposure the patient complained of in- 
tense burning of the skin, and he was promptly removed to a dark room; 
nevertheless, severe dermatitis appeared and was followed by stomatitis, diar- 
rhea and dementia. The patient finallj'- recovered. 

The presence of lesions on uncxTJcctcd portions of the body, such as the elbows, 
knees, sacrum, scrotum and perineum, has led certain students of pellagra to 
deny the influence of sunlight in the production of the dermatitis. Tucker, 
Enright and Goldbcrgcr and Sebrcll recognized that an existing lesion can be 
accentuated by exposure to sunlight, while Spies stated that the cutaneous 
lesions heal equally well regardless of whether the patient is kept in the dark 
or exposed to direct sunlight. Bigland and Spies failed to produce lesions in 
pellagrins by exposing them to sunlight, and Gougerot, Burnier and Meyer, 
Crutciificld, Bassi and Spies reported that they noted no unfavorable response 
to ultraviolet radiation. 

From their own studies on 35 pellagrins. Smith and Ruffin found that 
a moderate exposure to the direet rays of sunlight resulted not only 
in dermatitis but in an exacerbation of the eonstitutional symptoms 
of the disease in 13 of tlie patients. In 2 other patients this exposure 
produced the constitutional symptoms, but no dermatitis. Balbi® tried 
to determine the relationship between sunlight and pellagra by utilizing 
the oijservation of Jobling and Arnold,®' that improvement occurred 
when pellagrins were kept in a dark room. He hospitalized 7 patients 
in the dark for S to 10 days and noted the cutaneous lesions daily. The 
diet was controlled and no special treatment was given. TJie patients 
were permitted to leave their rooms in the evening. All the patients 
were improved. 

Efforts to produce pellagra lesions due to light in lower animals 
likewise have yielded inconclusive results. Alathcws'^' who reviewed 
the experimental studies came to the conclusion that it is possible 
that the ill-eiTects of a corn ration and exposure to light may represent 
the comi>ined action of malnutrition and heat rather than photo- 
dynamic sensitization. 
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The interesting finding by Jobling and Arnold®’’ of an aspergillus from 
the digestive tracts of pellagrins, which produced a fluorescent sub- 
stance on artificial media, has not been confirmed. The authors con- 
sidered these results to be of etiologic importance in pellagra, since the 
fluorescent substance proved to be photodynamic on injection into rats. 
Mathews'®®® considers such results of little value because the fluorescent 
substance was not administered through the digestive tract. 

The association of light sensitmty with increased porphyrin e.xcretion 
has stimulated much interest in the problem of porphyrin metabolism 
in pellagra. As early as 1932 increased porphjTinuria was noted in 
endemic pellagrins in Italy.'®' This observation was apparently con- 
firmed by others, particularly by Beckh, Ellinger and Spies.'® Recent 
studies have thrown considerable uncertainty on the role of these por- 
phyrins in causing the dermatitis of pellagra. Furthermore, the in- 
creased excretion of porphjTins has been found particularly in alcoholic 
pellagra, as w’ell as simple alcoholism; and since excretion of copro- 
porphjwin III occurs in intoxications associated with damage to the liver, 
a malfunction of the liver sufficient to interfere wdth normal handling 
of the porphyrins is thought to occur in pellagra (Rosenblum and 
Jolliffe'“). 

Another factor involved in pellagra and porphyrin metabolism is the 
relationship of nicotinic acid to pigment excretion. This subject has 
been thoroughly covered by the re^dew of Elvehjamd® 

Beckh, Ellinger and Spies (1937) reported an increase in the amount of 
coproporphyrin 1 or 3 in the urine of pellagrins and a decrease following the 
treatment of the pellagra with yeast or liver extract. Later Spies, Gross and 
Sasaki (1938) found that nicotinic acid also produces a decrease of porphyrin- 
uria in pellagrins. They also found that the porphyrinuria associated with 
other diseases promptly decreased following nicotinic acid therapy. Watson 
(1938) found that the urinary coproporphyiin in alcoholic pellagrins was not 
correlated with the Beckh-Ellinger-Spies test. In a later paper Watson (1939) 
concludes that the color reaction observed in the urine during pellagra is due to 
inrosein. It occurs as a chromogen which changes to a pink or red pigment 
upon addition of hydrochloric acid to the urine. Another pigment soluble in 
chloroform may also be present which appears to be indirubin. Both of these 
pigments may be noted in the urine of patients not having clinical pellagra and 
therefore further work is necessary in order to relate the appearance of pigments 
directly to nicotinic acid deficiency. Meiklejohn and Kark (1939) have also 
found substances in the urine of pellagrins capable of giving the urosein reaction. 
They were unable to find any unusual amount of coproporphyrin in four samplc-s 
of urine supplied by Dr. Spies and suggest that it wmild be more proper to refer 
to the Beckh-Ellinger-Spies test as indicating the presence of pi^cnts capable 
of producing the urosein reaction. 

Experiments carried out by Kuhnau'®® in which mice were given 
injections of photodyn, one group of the animals being given injections 
of nicotinic acid amide at the same time, and all the animals exposed 
to the sun’s rays for 15 minutes, indicated that the injurious effect of 
photodyn was not neutralized by nicotinic acid amide, but on the con- 
trary the mice which received both injections died sooner than those 
which did not. ^Yhen the nicotinic acid amide was given within 
10 minutes after the photodyn, and the animals exposed to the sun 

hour later, some differences were noted in the behavior of the two 
groups. Although the animals treated with nicotinic acid amide did 
not sur^Tve, the course of the sun injury w’as milder, and death occuircd 
later than in the untreated group. Kiihnau'®® concluded that nicotinic 
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acid amide is apparently an indispensable factor in the protection of 
the normal skin against ray injuries, but that no unequivocal relation- 
ship can be established between this vitamin and porphyrin metabolism. 

Urticaria Solaris. Urticarial wheals are rarely produced by exposure 
to sunlight. Many of the text-books and studies on dermatology 
scarcely mention urticaria due to light.^''®2«. Pillsbury and Sternberg^^® 
in their discussion on papular urticaria stated that sunlight has been 
considered by several investigators as a cause of this condition, and 
while they were not prepared to dismiss light as a factor, they did not 
believe it'to be the principal cause. The question of light urticaria has 
recently, however, become the subject of much interest. Extensive 
studies have been published by Blum,'®“ Blum, Allington and West,”” 
Blum and West,^^ Epstein,'*® Mnold,® and Rajka.’”^ 

The definition of urticaria Solaris as given by Blum'®“ identifies it 
with the triple response (Lewis) produced by blue and violet light. 
S. Epstein classifies this condition among the allergic light dermatoses. 
The first case reported was that of Merklen**^” (1904). Among the other 
authentic cases reported were those of Ward,-”” Ochs,*”^ Duke,'*” Frei,”^ 
Beinhauer,*'* Vallery-RadoB”®-^”” and his co-workers, Wucherpfennig,””® 
Weiss,””” Blum and co-workers,””-”^ Epstein,"*® Arnold,® and Rajka.”®^ 

In solar urticaria exposure of the skin to sunlight for brief periods 
is followed within a few minutes by the appearance of erythema limited 
precisely to the exposed area. The erythema is replaced shortly by 
edema, limited to the irradiated area and as the edema develops, a 
flare occurs in the surrounding iinexposed skin. The amount of sun- 
light needed to produce the response is small, and the reaction is inde- 
pendent of the patient’s health, age, and sex. Many attempts have 
been made to determine the portions of the spectrum which are respon- 
sible for the urticarial lesions. Ward”®” and Ochs*”’ found that “ violet 
light” produced urticaria in their patients. Duke"*” found that his 
patient probably was affected by the spectral regions from about 
3200 to 5000 AU and the far-red and infra-red. Beinhauer’s** patient 
was sensitive to tlie ultraNnolet portion of the spectrum. Frei thought 
that the short visible and long ultraviolet radiations (3200 to 6000 AU) 
were operative in his case. Vallery-Radot*”®-*®” and his co-workers 
found the effective wave-lengths to extend throughout the visible 
spectrum, ultraviolet and infra-red radiations being ineffective (4000 to 
5000 and 4000 to 7000 AU). Wucherpfennig’s””® patients showed great- 
e.st sensitivity to the long ultraviolet, but also to other light rays which 
darken photographic plates. Epstein"*® found wave-lengths of 4000 to 
4500 AU as well as ultraviolet radiation probably, to be effective. Blum 
and West,”* in their careful study, determined that the spectral region 
effective in eliciting wheals was between 3900 and 5200 AU. Arnold” 
found his patient's sensitivity to lie in the portion of the spectrum 
from 3S00 to about 5000 AU. Rajka*”* determined that his patient’s 
urticaria was produced by rays between 4000 and 5000 AU, and occa- 
-sionally by wave-length 4.359 AU lying in the blue spectrum and 
abundantly emitted by the mercury arc. 

In their study of the various factors involved in the production of 
urticaria Solaris. Blum and his co-workers'*^ found that temperature 
had little effect on the threshold time, but had great effect on the 
latent period which precedes the appearance of erythema. Thev found 
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that the photosensitivity of different parts of the body varies widely. 
The abdomen and the lumbar region are more than 20 times as sensi- 
tive as the face and hands. In addition, they noted that there may be 
a local decrease in photosensitivity, without affecting the reaction of 
the rest of the body. Thej"^ presumed that the sensitizing substance 
was a carotinoid, since the absorption spectrum of carotenoids lies 
almo.st entirely within the blue and ^'iolet band. 

Duke^’ was the first to call attention to phj’sical agents as the cause 
of urticaria, and he, as well as other authors, have collected e\’idence 
to demonstrate allergy in their cases. Others, however, have failed 
to produce satisfactory proof that the conditions in their cases were 
based on allergy.*®^ This same difference of opinion has extended to 
the question of the allergic or non-allergic nature of light urticaria, as 
well as of other dermatoses with a light sensitization factor. (See 
Part I, Blum and Epstein, sulfanilamide.) Blum^®“ has decried the 
" allergic,” viz. idiosjmcratic, nature of urticaria Solaris. On the other 
hand, Jausion and Pages, Epstein,^® and more recently Rajka*®* have 
been strong advocates of the “photoallergic” concept. Some of the 
reported cases give a personal or familial history of allergy, and passive 
transfer in light urticaria has been accomplished.*®* Bernstein*® reported 
passive transfer to guinea-pigs. In Rajka’s*®* case there was whealing, 
accompanied in addition to the passive transfer, by hemoclastic crisis 
and general sjTnptoms. Rajka succeeded in partial desensitization. 

There is a distinction between urticaria Solaris and the urticarial 
reaction occurring after local injection of photodjmamic substances 
followed by radiation. In the latter case the whealing results in pig- 
mentation which is a sequel to epidermal injury'. No pigmentation 
follows spontaneous urticaria, and the w’heals resulting from histamine 
injection.®® This is considered by Epstein to favor the allergic nature 
of urticaria Solaris. 

Photodermatitis. Photosensitization by Substances Coming in Con- 
tact with the Skin; Berlock Dermatitis; Dermatitis from Vegetable and 
Other Substances (Fig Dermatitis; Dermatitis Bullosa Striata Praten- 
sis [Meadow Grass Dermatitis]). 

For about 25 years dermatologists have shoum an increasing interest 
in photodermatitis induced by the local application on the skin of cer- 
tain plant substances and subsequent exposure to sunlight. The noxa; 
were thought to be an aromatic oil or some oleoresinous portion of the 
plant to which the cutaneous surface was e.xposed. Freund described 
the most commonof this variety of photodermatitis, Berlock dermatitis,’” 
Avhich follows the application of certain toilet waters and perfumes and 
subsequent exposure to sunlight. The first case of Berlock dermatitis 
observed in this country xvas reported by Gross and Robinson.®® In 
192G Oppcnheim'*®^ *' **®“ ® '= described meadow grass dermatitis (dcr- 
maiiiift hiillofia slriata praimsis), and eruption occurring in persons 
taking sunbaths who were at the same time in contact with certain 
meadow plants. Kitchevatz*®*” *’-'^-'^-' since 1934 published a series of 
studies on a photocatalytic dermatitis due to contact wth figs. The 
literature on this whole subject has become extensive. Some of the 
more important contributions in recent years are: (a) Berlock der- 
matitis, Gross and Robinson;®® Greenbaum;®®® Rogin and Sheard;*®* 
Goodman.®’^-® (/>) Meadow grass dermatitis, Corsonf* Roiiinson.'*’® 
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(c) Fig dermatitis, Ktchevatz;'®^-* Behcet, Ottenstein, Lion and Des- 
sauer.'"’ {(1) Various plants, Kuske;’ o'"- O’Donovan.'^’^ (c) Parsnip, 
Hirschberger and Fuchs Jensen and Hansen.»° (/) Lime oil, SarnsJ® 
The excellent papers by Oppenheim,''*®'’ S. Epstein,'*^ Sams,>“ and the 
chapter in Blum’s book^®" are complete reviews of this subject and 
deserve careful study. 

The various photodermatitides are considered in one place because, 
while their clinical manifestations are somewhat varied, fundamentally 
their modes of production are relatively similar. The photodynamic 
efl’ects of externally applied hydrocarbons will be discussed in connec- 
tion with cutaneous cancer. In Part I of this review,’®®" it was stated 
that Guillaume™ showed that a photosensitizer must reach the Malphi- 
gian layer of the epidermis in order to produce observable effects, and 
no photodynamic responses occur unless the layer is exposed, by abra- 
sion or otherwise, to the action of the substance. Accordingly, photo- 
dermatoses are not regularly produced by external contact because 
most substances do not penetrate below the corneous layer. There are, 
however, photosensitizing substances which do penetrate below the 
corneum and effect photosensitization. 

Berlock Dermatitis. Tliis peculiar pigmentation resulting from the 
siicccssivc action of application of toilet water and exposure of the skin 
to sunlight or to artificial ultraviolet irradiation, is usually found on the 
neck and chest, and appears as dark red spots, changing to brown, 
slightly mottled with red. The shape of such discoloration simulates a 
small drop of flowing fluid, Berlock dermatitis generally appears 
during the summer. 

The exact pathogenesis of this dermatosis is unknown. It is believed 
that one is dealing with a personal susceptibility or with various factors 
such as climate, perspiration, brand of perfume or some contaminant 
of the perfume, and short intervals between the application of the 
perfume and exposure to sunlight. Most of the evidence favors a 
personal predisposing factor (Gross and Robinson,®® Greenbaum,®®* 
Wise and Sulzberger,®®' Rogin and Sheard'®'). The photosensitizing 
substance is likewise undetermined, but the process may be reproduced 
in susceptible individuals by the local use of bergamot or citron oil 
followed by irradijition (Freund,®® Del Vivo®®). 

Some investigators believe impurities, copper (Goodman®’®) or chloro- 
phyll,'®* in oil of bergamot may be the inciting factor. On the other 
hand, the application of bergamot oil without trauma, i. c., friction, 
docs not produce any reaction without exposure to light. According 
to Del Vivo®® bergamot oil sensitizes the skin to blue and violet light. 

Photodermatitis of Vegetable Origin. Since Oppenheim first de- 
scribed dermatitis following sunbathing in meadows and fields, studies 
have appeared cither describing new plants as sources of such trouble, 
and presenting data to indicate the possible mechanism or wave-lengths 
involved.®' ■'®L'®'® Cases have been reported from many lands: Ger- 
many, France. Russia. Denmark, Italy, Spain, Switzerland, Austria, 
all other European countries .and the United States.®® '®®®-'®® 

Meadow Grass Dermatitis. — This process has recently assumed a 
iniiitary importance as was suggested by Hirschberger and Fuchs- and 
I'nglohiirdt.’® The former noted lesions in soldiers who had used green 
plants, including parsnip, in camouflage. Englehanh’® found that 45 of 
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120 soldiers, drilling on a meadow near a beach, developed a vesicular 
dermatitis a few hours later. Blum advisably points out that the 
lesions of meadow grass dermatitis may cause confusion because they 
resemble those produced by mustard gas. The sharp circumscription 
of the lesions and the resulting persistent pigmentation of meadow 
plant dermatitis tend to differentiate it from the plant dermatitis of 
the primrose type, and point to a photodjmamic origin.®*-''^ (See 
Gorodinsky,®^ whose patient had an experimentally reproducible linear 
bullous dermatitis from Didammts fraxinella caiicasictis without the use 
of sunlight.) 

Patients '(nth meadow grass dermatitis give a history that they 
developed pruritic bullte in more or less striated arrangement, appearing 
the day after the sunbath. The process clears readily, but leaves pig- 
mentation which ma 3 ’ persist for months. It is not produced at sea- 
shores or other places where sunbaths are taken, if there is no oppor- 
tunity for contact wdth plants. Kuske*®®“ describes the chief clinical 
characteristics of e.xogenous percutaneous photosensiti\dty from plants 
as being (1) latent period, on an average of 7 to 12 hours; (2) the acme 
which depends on the intensity of irradiation and manifests itself as 
edematous swelling ranging to bulla formation; and (3) residuum, of 
long-continued pigmentation. 

The exact cause of meadow grass dermatitis is unknoTO. Oppenheim 
originally thought it was due to an animal parasite (Milben) but later”® 
he leaned toward a plant or plant product as the source of the derma- 
tosis.®®'®* ®®-'-' ”® ''® Philadelphy intimated that sunlight might play a 
role in the cause of the eruption but Kitchevatz””' made the first exten- 
sive experimental studies. He showed that the red rays of the spec- 
trum acting through an intermediate catalytic substance, chlorophyll, 
rendered the skin more sensitive. The photosensitization occurs only 
where chlorophyll is placed in intimate contact with the cells of the skin. 
Acid increases the action and the sensiti\'ity cannot be passively trans- 
ferred. Kitchevatz’s explanation for this process is not accepted by 
many.’®’®®-®®-®®-®® '®®'’-”® Hirschberger and Fuchs®® in studies with pars- 
nip plants (Pastinaca saliia) thought that the active agent was flavone. 
Oppenheim*®®® believed that sensitivity to etherial oils in plants was 
the basis for the dermatosis. Cummer and De.xter®® asserted that the 
active substance was an aromatic oil but could not prove this experi- 
mentally with extracts of the gas plant applied to the sldn. Kuske*®®°’®'' 
in a series of detailed studies employing juices from 5 plants concluded 
that phytogenous photosensitization was due to the presence of similar 
sensitizers, furocumarines. He showed that the furocumarines sensi- 
tize human skin for ultraviolet long -waves, especially in the spectral 
field around 3.340 and 36G0 AU. Jensen and Hansen®® studied the 
active spectral range for dermatoses produced by the parsnip plant, 
and found the wave-lengths which produce the lesions to lie in the ultra- 
violet longer than 3200 to 3C00 AU. Blum‘®“ calls attention to the 
fact this spectral region does not correspond to the absorption spectrum 
of chlorophyll nor with the sunburn spectrum. Sams*®® presented a 
study of II patients suffering from photodermatitis due to oil from the 
Persian lime {Citrus aurautifolia rar. Swingle). He was able to repro- 
duce the photodynamic reaction e.xperimentally and showed that the 
eoneentration of the photodynamic agent, the length of time of exposure, 
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the subject, the location of the application, and previous radiation deter- 
mined the intensity of the subsequent dermatitis. The longer wave- 
lengths of ultraviolet radiation (3100 to 3700 lU) are involved in the 
production of the dermatitis and subsequent pigmentation. The chemi- 
cal nature of the photocatalytic agent is still undetermined. 

Sunlight and Cancer of the Skin. It has been repeatedly contended 
since 1894 (Unna‘*’0 that prolonged exposure to the sun may stimulate 
the production of malignant tumors. Blum'®'" has collected and criti- 
cally analyzed this entire subject. His study and the resume in his 
book*®“ are the chief sources of this discussion. Other recent studies 
of the relationship of cancer to irradiation are those of Korbler,^®’ 
Biingcler,®® Roffo and Luchetta,’®® Both,*®® Rusch and Baumann,^®"* 
Rusch, Kline and Baumann,*®® Doniach,®® Teutschlaender,*®^ Whit- 
more,®®® Grady, Blum and Kirby-Smith,®'* Blum, Kirby-Smith and 
Grady,®® Hueper,®® Apperly.'* 

Since the description of "Seaman’s skin” by Unna*®* as a precancer- 
ous condition attributed to continued exposure to light, some authori- 
ti(.gi6.4®,4in,5,90.iN,i3®.n®,i60,i75 hayg cmphasizcd the role of sunlight among 
tiic factors causative of cancer while others have opposed this view. 

The evidence for the role of sunlight in the production of skin cancer 
iias been entirely clinical, i. c., it has consisted of attempts to correlate 
clinical findings with intensitj' of exposure and susceptibility to sun- 
light. RofTo,*®®®'®"® especially convinced of the importance of the influ- 
ence of the sun, based his opinion on three principal arguments: (1) 
malignancy of human skin appears most frequently on those parts of 
the body most e.xposed to light; (2) malignancy of the skin may be 
produced in laboratory animals by prolonged exposure to light; and 
(3) there is an apparent direct relationship between cholesterol content, 
exposure to light, and the incidence of malignancy. In addition, 
Blum*®'^ has deduced from the literature that those in favor of sunlight 
as a carcinogenic agent state that cancer of the skin is more prevalent 
in outdoor workers and that the incidence is higher in regions of the 
earth which receive greater insolation and it occurs more frequently 
in blondes than brunettes. Blum believes that the clinical facts cited 
in support of these claims are still open to question, but that within 
recent years support has come to the theory of direct causation of can- 
cer by sunlight from experiments on laboratory animals. These stud- 
ies not only demonstrate that cancer can be caused by sunlight, but 
offer opportunity to study the various factors involved. 

Artificial production of cancer in animals was first accomplished by 
Findlay*® in mice. His work was followed by similar studies independ- 
ently conceived and prosecuted.*®''-'®’*®® ’®®“ ®-i' More recently similar 
successful experiments were made by Huldschinsky,®' Beard," Boggess 
and von Haam,*® Rusch and Baumann,'®* and Rusdi, Kline and Bau- 
mann.'®® Roffo'®®'® '' showed that natural sunlight, as well as mercury 
arc radiatioji, may cause tumors in rats. The tumor lesions were 
chiefly confined to bald or sparsely hairy parts of the animals (eyes, 
cars, paws or parts shaved for experimental purposes). The tumors 
were cither epitheliomas or sarcomas, and were transferable to normal 
rats."’®' The active wave-lengths were found to be in the region of 
the sunburn .spectrum. Rusch, Kline and Baumann'®® found the carcino- 
genic wave-lengths to be between 2900 and 3.341, \U. Verv little 
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radiant energy was needed to initiate the changes which culminate in 
tumor formation. The length of the precancerous period varied in- 
versely with the daily dose of radiant energy. The minimum time for 
the development of tumors appeared to be about 2^ months. It was 
not necessary to irradiate the animals throughout the precancerous 
period; once initiated, carcinogenesis proceeded vdthout further e.xpo- 
sure to radiant energy and in isolated cases several months elapsed 
between the end of radiation and the appearance of tumors. Grady, 
Blum and Kirby-Smith®^ found by a speciallj^ controlled method of 
exposure of mice to mercury arc radiation that a 100% incidence of 
tumors may be induced on the ears of “male strain A” mice by such 
radiation. At higher dosages of radiation, the time of appearance of 
the tumor is little affected by the dosage, but at lower dosages this 
time increases markedly with decreasing dosage. They also showed 
that the production of tumors depends upon the quantity of radiant 
energy applied rather than upon the intensity of the radiation. The 
tumors thus produced were chiefly fibrosarcoma, less frequently com- 
binations of fibrosarcoma and squamous cell carcinoma and rarely 
squamous cell carcinoma alone.®^ 

The type and quantity of radiation (sunburn radiation) are not the 
only factors involved. So far only rats and mice have been shown to 
be definitely susceptible to tumor production, although suggestive 
results have been obtained in other animals. The color of the animal 
is important, since Rusch and Baumann’®^ found that considerably 
more radiation was required for tumor production in C 37 broum mice 
than for strain A and strain C albino mice. They also found that 
black mice developed a smaller percentage of tumors than albinos and 
that the time required was greater. The color of the hair may have 
served as a filter in the case of the colored mice. Rusch, Baumann and 
Kline’®* found that the rate of tumor production with ultraviolet light 
could be altered by the local application of certain substances to the 
tissues developing tumors. Mineral oil accelerated tumor develop- 
ment most rapidly. Cholesterol in oil caused acceleration, other 
substances and oils were less stimulative and linseed oil retarded tumor 
formation. Baumann and Rusch’®^ found that the rate of tumor 
development varied with different diets. Lesions were produced more 
rapidly on a high fat diet, while brain extract or liver retarded tumor 
production. Addition of 2 % cholesterol to the stock diet did not affect 
the rate of tumor production, although a marked increase in liver fat 
and eholesterol resulted. These results suggested that the role of 
cholesterol in tumor production was a limited one in contrast with 
those of Roffo who claimed that (a) the cholesterol content of tumors 
and precancerous lesions is higher than that of normal tissue; (b) tumors 
may be induced in man and animals udth light alone as a carcinogenic 
agent; (c) the cholesterol content of the skin e.xposed to light is higher 
than that of skin protected from light. Bergmann’® denied the impor- 
tance of the belief that cholesterol is changed into a carcinogenic agent 
in the skin by irradiation. In summary, Blum’®' asserts that “while 
the idea that sterols in the skin may be clianged to carcinogens by the 
action of ultra\nolet light is an attractive one, it must be admitted 
there is little e\ddence in its favor at present.” The same applies to 
Kdrbler’s’®’ suggestion that porphyrins might be photosensitizing agents 
for cutaneous tumor production. 
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In connection with human cancer and sunlight, there are a number 
of faetors of importance. Among them are: geographic distribution 
of sunlight; distribution of cutaneous cancer and its relationship to 
sunlight; the character of the skin; season, sex, menstruation (irregular 
increase in sensitivity), pregnancy (sensitivity inereases after the third 
month), and advaneing age (deereases) (Ellinger^^). 

Lawrence”'* diseussed the low humidity and abundant sunshine as a 
causal factor for cancer of the skin in Australia. The moisture in the 
atmosphere impedes the passage of ultraviolet rays. He found that 
rodent uleer is over 20 times as frequent in dermatologic practice in 
Australia as in England. Molesworth'^- and Duhig^- confirm Lawrence’s 
opinion. Duhig-’* found that 25% of hospital admissions for cancer at 
Brisbane are cases of skin cancer. The same state prevails in our own 
arid Southwest.*"® The incidence of skin cancer is 3 to 4 times as great 
in Atlanta, Georgia as in the northern city of Chicago, Illinois.*®* 
Teller, Stephenson and Soudcr*'**’**®-**® have recently reviewed the inci- 
dence of cancer of the lip and skin in the United States Army and Navy 
and found that such cancer occurs more frequently among soldiers and 
sailors born and Avho presumably resided in their early years in southern 
states than among those born in northern states. 

Blum critically reviews the claims that skin cancer is more prevalent 
at regions of the earth that receive greater insolation and points out 
that “ seldom are these supported by statistics of cancer incidence, and 
there do not exist sufficient data of cancer on the intensity of the tumor- 
producing wave-lengths incident at different regions of the earth to 
permit a real correlation. The distribution of total sunlight can be 
estimated with some accuracy but this is much more difficult for the 
wave-lengths that produce tumors.” 

Apperly*'’ has made an interesting study of the relationship between 
solar radiation and cancer mortality in North America, in which he 
l)oints out that several observers have noted that the incidence of can- 
cer of the various organs among peoples of European origin varies 
considerably with geographic location, although the total cancer death 
rate shows comparatively minor variations. Furthermore, Teller in a 
small scries of cases showed that environments and occupations in 
which .skin cancer is more prevalent, other cancers are relatively less 
prevalent. Others have noted the converse— that cancer of the skin 
does not protect against visceral cancer. The total cancer mortalities 
of various .\merican sDitcs and Canadian provinces arc shown to fall 
with ijicreasing solar radiation and with the number of people exposed 
thereto, and are independent of the production of skin cancer. Appcrly* 
from his statistics concludes that we may be able to reduce our cancer 
deaths by inducing a complete or partial immunity by exposure of 
suitable skin areas to sunlight or the proper artifidal* light rays of 
intensity and duration insufficient to produce actual skin cancer. In 
another study, .Vpperly*® found that when mortality rates of pernicious 
aneinia and skin cancer (corrected for other causes than e.xposure to 
sunlight) are correlated, it appears that the incidence of pernicious 
anemia is closely related inversely to effective solar radiation. 

Distribution of Cutaneous Cancer and Its Relation to Sunlight. 
Most skin cancers appear on the human face, one of the most e.x]>osed 
areas of the boily. Furthermore, certain areas of the face arc more 
frajnently the sites of cancer than others (regions about nose and 
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eyegisc). Aside from the possible action of sunlight,^*-''® other factors 
may be involved in the localization of cutaneous cancer to the face: 
(1) basal cell cancer occurs along embryonic lines of closure of facial 
skin;®®’'”’**® (2) cancers that develop around the nose and eyes devel- 
oped from embryonic rests; (3) shading of certain areas by anatomic 
(chin shades neck) or artificial (caps and hats) coverings; (4) certain 
factors preventing absorption of effective wave-lengths. Thickness of 
the epidermis, particularly the corneum, on different parts of the face 
might be of importance in determining the location in skin cancer if 
sunlight is an important etiologic factor; (5) certain dermatoses (lupus 
erythematosus) have similar distribution; (6) exposed parts are affected 
by minor traumata. 

The Character of the Skin and Cancer. The relationship of the skin 
color to light sensiti\’ity has been discussed in the first part of this 
review. With specific reference to skin cancer, Taussig and Williams'*® 
stated that it is more common in blondes than in brunettes. Hyde®® 
commented on the result of cutaneous cancer in Negroes. This has been 
reaffirmed by many others.”’*”’”®’™’”®’”® 

Occupation and Cutaneous Cancer. It is difficult to ascertain whether 
occupations subjecting persons to greater exposure to sunlight are pre- 
disposing to cancer. There are statements pro and con; by equally 
competent observers.®®’**®’**®'®*® The occupation may present other 
factors than sunlight to accormt for cancer, occurring in the face. For 
example, the handling of tar preparations®®’®®’*®®’®*® which produces a 
cancer limited largely to the exposed parts (but compare scrotum). 

The pathogenesis of the production of cutaneous cancer by sunlight 
is not definitely determined. There are many hypotheses to explain 
the process and certain important data have been collected from animal 
study. However, more exact information, clinical and e.xperimental, 
is needed for the solution of this problem. 

Xeroderma Pigmentosum. Xeroderma pigmentosum is a rare cuta- 
neous affection which appears early in life and terminates in malignancy, 
so that persons affected with it usually' die by' their 15th y'ear. Th^e 
indi^’iduals may* show successively' or simultaneously' ery'thema, pig- 
mentation, atrophy or tumor formation. Photophobia may be a 
prominent symptom. Xeroderma pigmentosum is an inherited ab- 
normality, and Cockay’ne®* has shon'n that it is a recessive character 
due to a single gene and it is not sex-linked. It occurs frequently in 
the product of consanguinous parentage. 

Kaposi®® who first described xeroderma pigmentosum failed to note 
its frequent onset after solar exposure.*” The first to suggest this rela- 
tionship was Unna*®* (1894) but subsequent investigators had various 
e.xpcriences from attempts to demonstrate abnormal reactions to light. 
The results of these studies are summarized in the publieations of 
Lynch,**® Mathews,*®®" King and Hamilton,**® and Blum.*®" Blum 
concludes that these studies leave open the possibility that sunburn 
radiation precipitates the lesions of xeroderma pigmentosum. It seems 
most probable “that the abnormal response is the result of some 
abnormality of the skin which is exacerbated by the action of the sun- 
burn radiation, but that the condition might develop independently' of 
this radiation although its appearance may’ be accelerated by d 
(Blum*®"). Lynch*'® found that the sensiti%'ity was to wave-lengths 
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2800 to 3100 AU. Zoon^io found an increased sensitivity to the long 
wave-length sunburn spectrum (around 3000 AU). 

Pigmentation Due to Photosensitization. The normal pigmentary 
response of the skin to sunlight is not considered here. There are, how- 
ever, a number of circumstances of widely different character leading to 
hyperpigmentation, in which light plays a prominent role. Other pig- 
mentary dermatoses provoked by light and externally applied sensitizers 
(Berloc'k dermatitis, meadow grass dermatitis) have been discussed. 

In 1913 Lewin”® noted that workers employed in the manufacture of 
electrical cables involving coal-tar and petroleum products w^ere sensitive 
to light. Similar observations were made by Kistiakowski,^®® Mier- 
zecki'®® (petroleum products), and Foerster and Schw'artz.“ Fleisch- 
hauer®® showed that only coal-tar products are photosensitizing while 
wood tars are not. Foerster and Schwartz®® examined more than 500 
men in 4 factories; more than half of them had either melanosis or 
cutaneous lesions, chiefly dermatitis. The eondition was confined to 
handlers of pitch or of pitch products, but those most intimately in 
contact with pitch were affected the least, while those who had the 
most severe dermatitis and the most intense pigmentation were outdoor 
workers. Indoor work, necessitating direct contact with pitch and 
pitch vapor and exposure to high temperatures, did not appear to be 
definitely associated with development of dermatitis. But when an 
indoor worker was placed at yard work, an inflammation of the face 
invariably followed. This disappeared, although the pigmentation 
persisted, when he returned to indoor work. 

The dermatitis was characterized by diffuse erythema and desquama- 
tion at times associated with severe edema; it involved chiefly the face 
and neck particularly the nasolabial areas and chin, and was frequently 
accompanied by conjunctivitis and occasionally with labial herpes and 
cheilitis. The pigmentation w'as diffuse and intense, considerably 
darker than ordinary suntan, and it was confined to those surfaces 
exposed to sunlight. Pitch comedones and folliculitis on the face, 
neck, hands and forearms were commonly observed, and keratoses and 
jiapillomas were found occasionally. Only 2 epitheliomas were seen, and 
these apparently were not due to pitch or tar. While some men were 
affected more severely than others, apparently none sufficiently ex- 
])oscd were immune. Tolerance with persistent pigmentation was 
developed in some cases, but most of the men had to be rotated among 
various jobs, and some were so hypersensitive that they could not be 
employed in the daytime but worked satisfactorily on night shifts. 
Pigmentation was not permanent, but it persisted at least for several 
months after removal of the worker from exposure. 

Similar dermatoses (melanosis of Riehl) were frequent during the last 
war, in Germany, according to Habermann,^ and were attributed to 
the use of impure products and adulterants because of the blockade of 
the Central Powers by the Allies, but since there were many cases in 
other countries not under blockade, Thibierge’®® suggested that block- 
ade was not the chief factor. Others intimated that it might have come 
from contact with tar or oil. Recent studies from South America’” ’®^ 
suggest that this process in Argentina is the result of application of 
cosmetics coittaining photosensitizing substances, the skin reaction 
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being provoked by sunlight. Dietary and endocrinologic factors, how- 
ever, may still play a part in the production of this pigmentary state. 

In 1930 Fleischhauer®- found that Lianthal, a coal-tar product, sen- 
sitized the skin to light (sunlight even through window glass or light 
from a quartz lamp) although, if it were applied in the usual manner 
and allowed to dry, it acted as a light protective. On the other hand, 
wiping the excess off after about 15 minutes, the skin was found to be 
light-sensitive. This photosensitization lasted for as long as 72 hours 
after the application. This observation (photochemical change in crude 
coal tar (?)®“ is the basis for the Goeckerman treatment for psoriasis in 
which the patient is irradiated after having been treated wdth a tar 
preparation.®® 

The action spectrum for lesions produced by light after application 
of tar was found to be between 3300 and 5000 aU by Fleischhauer®- 
while Foerster and Schwartz®® found the range in their cases to be 
between 3900 and 5000 AU. 

Other cutaneous pigmentations produced through the action of light 
are those caused by heavy metals; silver (argjTia) arsenic (arsphena- 
mine dermatitis) ; gold;®®-*®® mercurochrome;'®® and a transient discolora- 
tion of the nails due to mercury bichloride.®®"’®®-*®* This latter condi- 
tion is not a true pigmentation since Callaway demonstrated that the 
solution of mercury bichloride coming in contact with the sulphur in 
the skin and nails and activated by light causes the formation of a 
black mercuric sulfide w'hich is responsible for the discoloration. 

Lupus Erythematosus. There has been a widespread impression 
recently that lupus erythematosus is increasing, *‘“’®’’®®’”®'’*®'®‘*‘ but 
Gahan’s figures®®"’® from the Skin and Cancer Unit of the New York 
Post-Graduate IMedical School and Hospital during the years 1936- 
1940, do not seem to substantiate such an increase, at least for the period 
studied. At any rate, an increasing number of investigators have been 
reporting the onset of some of their cases of lupus erythematosus as 
appearing subsequent to solar irradiation.®-*'"’®’®®’®*’®®’®®’*®® Although 
Hausmann and Haxthausen®® found that in Copenhagen there is a 
great increase in the appearance of lesions in the spring and summer, 
Gahan®®"’® found no particular type of seasonal variation in the inci- 
dence of the disease in New York. In a study designed to determine 
the factor of actinic trauma in the causation or pathogenesis of lupus 
erythematosus, Gahan®®" ® found no appreciable difference between the 
relative frequency of the disease in the United States (0.4 %) and in 
any other part of the world inhabited by the white race; -whatever 
differences there may be are not based on climatic conditions. Cum- 
mer®* found that, according to statistics, lupus erythematosus occurs 
about half as frequently in the Negro as in the white race. The deep 
pigmentation is a protection against the sun’s rays.*®® In 1938 Ludy 
and Corson**' found hematoporphyrin in the urine of many of their 
patients with lupus erythematosus of the acute and subacute types. 
In these individuals the hematoporphjTin disappeared with their im- 
provement in other respects. Ludy and Corson**® thought tiiat this 
substance could readily account for the dermal changes and might 
serve as a danger signal against the use of certain treatments for lupus 
erythematosus. Tliey also noted the presence of lead in the skins of 
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their patients, and thought that it might play a role in the pathogenesis 
of lupus erythematosus. 

Other Dermatoses With Light Sensitization Factors. An inspection 
of the detailed classifieation of the light-sensitization dermatoses would 
indicate that there are many cutaneous diseases in which light might 
play a role. Recent studies have been concerned with granuloma 
annulare;-’''®' varicella;'"® purpura Solaris;'" epidermolysis bullosa;'®® 
psoriasis;'"'"® severe actinic dermatoses (resulting from increased 
sterco])orphyria, abnormal intestinal flora and hepatopathy) ;'®® pyo- 
genic relapse and sensitiveness to light in certain dermatoses (discussed 
in Part I);'®' lipoid proteinosis;'®" and lymphogranuloma venereum."® 
Sonck points out in his monograph on this subject that a definite dis- 
tinction is made between the photosensitivitj’’ produced by the sulfon- 
amides used in treatment of l^-mphogranuloma venereum, and that due 
to the disease itself. This study is recommended to those especially 
interested. 

Treatment of Light-sensitive Dermatoses. This aspect of the 
discussion of light-sensitive dermatoses naturally divides itself into 
general and local treatment. Since the causative mechanism and 
factors involved in many of the diseases which light tends to induce are 
not always known, one cannot always get at and remove the cause. 
Attention to certain organic abnormalities may cure or temporarily 
stop light sensitivity. Attention to gastro-intestinal (hydrochloric 
acid), hepatic, infective disorders (vaccines, removal of foci of infec- 
tions), vitamins (nicotinic acid), and endocrine treatment plus the use 
of specific (antisyphilitic treatment);'®® gold chloride"® or non-specific 
treatment (histaminase, calcium, iron)" have proved of benefit in cer- 
tain cases. Hurst®® apparently cured his patient by progressive light 
dcsensitization. He exposed the back daily to ultraviolet rays, begin- 
ing with a 1-inch area for 1 minute, and gradually increasing the size 
of the area and the length of the exposure. Treatment of patients with 
dermatoses due to light by intramuscular injection of hydrolysates of 
a number of glands of internal secretion (testes, liver, thyroid, anterior 
l)ituitary and thymus) proved successful in 2S patients at the hands of 
Selisky."" Lancaster"® reviewed the entire subject of estrogenic hor- 
mone therapy in sunlight eruptions of the female and found various 
combinations of thyroid, corpus luteum and estrogenic substance help- 
ful in 0 cases. This estrogenic therapy was tried in only 2 males in 
1 of \yhom it produced marked improvement and in the other, whose 
.sensitivity to sunlight developed after a severe attack of measles, an 
injection of 200 international units of theclin, in water, gave temporary 
relief for about 2 weeks but the patient subsequently regained his 
normal tolerance to sunlight. 

I.A)cal therapy in light-sensitive dermatoses consists of finding one or 
a combination of substances which will filter out the offending light rays. 
The ideal preparation for this purpose i.s one which is non-irritating, 
easily removable, non-staining and when applied thinly, protects the 
skin against the undesirable action of ultraviolet irradiation, yet does 
not prevent tanning. Numerous recent studies of real scientific merit 
have aiipeared from time to time, listing and stating the value of many 
substances including proprietary preparations." "® '®"'®"-'"' *^--®^' 

.Xtnong the various preventives proposed are: naphtholsulfonic acid, 
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esculin or its hemologues, lithopone, titanium compounds, menthyl 
salicylate, certain fluorescent compounds, amino or substituted amino, 
benzoic acid in mineral or peanut oil, quinine bisulpbate, oak bark 
extract, vitamin C and cumarin in bergamot oil,'®^ bergamot oil;'®® 
denied by Miescher;'®' salol (phenyl salicylate), resorcin. 

In addition to the so-called protecting substance, its concentration 
or combination with other protections, there are factors which influence 
the effectiveness of a given formula. Sweat may in itself screen some 
of the active radiation. Crew and Whittle,^® for example, showed that 
sweat definitely screened the skin against erythema-producing radiation 
so that a film 1 mm. in thickness transmits only about 27 % of solar 
radiation effective in producing sunburn. 

The base likewise plays an important role in the action of ointments 
intended for protection against sunlight. Bachem and Fantus^ found 
wool-fat, yellow petrolatum and diachylon ointments to have the 
highest sunscreen value of the ointment bases tested and yellow petro- 
latum was superior to white petrolatum. In a later study Strakosch'*® 
found that petrolatum and lanolin afforded no protection against 
irradiation from an air-cooled mercur3' vapor quartz burner. Emul- 
sions such as aquaphor (containing 6 % of a group of esters of eholesterol 
in an aliphatic hj^drocarbon base) or Abbott’s Ninol base (containing 
fatty acid esters of monoethanolamine, mixed with petrolatum) were 
applied with evidence of a slight protective action. Quinine or tannic 
acid did not increase the effectiveness of petrolatum or lanolin and the 
same drugs had onl^^ slight protective action when added to equal parts 
of petrolatum and lanolin. When quinine or tannic acid were added 
to aquaphor or Ninol base (Abbott), a considerable degree of protection 
was afforded. 

Bachem and Fantus" as a result of their laboratory’’ and clinical 
studies have produced o finished “cuticolor” preparations which are 
eligible for protection against light and their value seems to be similar. 
Choice of a given formula depends upon the effect desired. The authors 
claim their combinations are superior to products commercially avail- 
able. The basis of the “cuticolor” preparations (lotion, paste, traga- 
canth paste, ointment and creme salve) is the “cuticolor” titanium 
dioxide the formula for which is: 

Red ferric oxide 
Yellow ferric oxide 
Titanium dioxide 
Mix by trituration. 

In addition to being efficient, Bachem and Fantus’ preparations are 
cosmetically attractive. 

Herman Beerman, M.D. 

John H. Stokes, M.D. 
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When one encounters lack of sexual development together with 
decrease in stature, a generalized deficiency of all elements of the 
anterior pituitary (panhypopituitarism) naturally comes to mind 
as the probable primary disturbance. It is the purpose of this 
paper to call attention to another syndrome which has these two 
features but in which the sexual infantilism at least is due to pri- 
mary ovarian-lack rather than to primary pituitary disease. As 
will appear below, this syndrome has not gone entirely without 
notice in the literature. 

The features which characterize this syndrome are the following: 

1. The patients are short in stature but not actually dwarfs as is 
usually the case in panhypopituitarism. 
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2. They have infantile mammse, uteri, and vaginje; in this respect 
they resemble the pituitary dwarfs. 

3. In spite of complete absence of breast and uterine develop- 
ment, they usually have a small amount of axillary and pubic hair 
in contrast to the pituitary dwarfs who do not have any hair in these 
regions. 

4. They are rather strong and well nourished, in contrast to the 
pituitary dwarfs who tire easily and who ha^"e difficulty in putting 
on weight. 

5. The bone age is usually a few years retarded but in most cases 
the epiphyses eventually unite; in the pituitary dwarf, on the other 
hand, the bone age is much more retarded and the epiphyses often 
never unite. As in other conditions with retarded bone age— hypo- 
thjToidism and panhj^popituitarism— “epiphysitis” is common. 

6. There is constantlj'^ present in the urine an increase above 
normal of follicle-stimulating-hormone (FSH);,in pituitary dwarfs, 
of course, this hormone is absent. 

7. The “ 17-ketosteroid excretion” in the urine*^ (circa 2 to 
5 mg. per 24 hours), though lower than that in normal females 
(circa 6 to 18 mg. per 24 hours), is considerably higher than that in 
pituitary dwarfs (circa 0 to 1.5 mg. per 24 hours). 

8. Estrin therapy leads to the development of normal amounts 
of axillarj'^ and pubic hair; estrin therapy in pituitary dwarfism has 
no such effect. 

9. The insulin tolerance test (ITT) shows normal h\T)oglycemia 
responsiveness as opposed to hjTDOglycemia unresponsiveness in 
pituitarj" dwarfism.*^ 

10. Congenital anomalies in addition to the congenital absence or 
malformation of the ovaries are common; coarctation of the aorta 
and webbing of the neck are especially frequent. 

11. Diffuse osteoporosis reminiscent of that seen in postmeno- 
pausal osteoporosis is common; precocious senility occurs as in 
panhj-popituitarism. 

Case Histories. Case 1. D. W. S., No. 91914, entered this hospital 
in 1933 at the age of 21. She had developed a.xillar 3 ' and pubic hair at 
the age of 19 but her breasts had never developed and she had never had 
a real menstrual period, although on several occasions she had had a slight 
bloody discharge from tlie vagina. She had been born 1 month prematurely 
and retarded growth had first been noted at 10; .she had “stopped growing” 
at the age of 15. 

On physical examination she was 4 feet 8-1 inches; her span was 2.4 cm. 
greater than her height. Nutrition was excellent (see Fig. 1). There was 
no breast development and onb' a .small amount of pubic hair and almost 
no axillarj’ hair. The breast development and abundant pubic hair .shown 
in Figure 1 were the re.sult of G months of estrin therajjy at the age of 28. 
Her genitalia were infantile and no uterine tissue could be felt Iw rectum. 
Blood pressure was 138/95. 

IMien first Roentgen raj’ed at the age of 21, her bone age was more than 
2 and less than 0 years retarded; at the age of 28 all epiphyses were closed. 
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The basal metabolic rate determinations were +14 and +3 respectively'. 
An FSH test for 40 mouse units per 100 cc. of urine was positive; two 
17-ketosteroid urinary assays were 4.7 and 3.9 mg. per 24 hours respectively. 

While in the hospital under observ'ation, the patient had undulant fever 
and the agglutination test for Brucella meliiends was pogtive. pThis sug- 
gested the possibility that the cause for the ovarian deficieiicyj'was'a chronic 
infection of the ovaries with one of the brucella group of or^aiiisms. How- 
ever, the patient made a spontaneous recovery from the fever.,and the^liag- 
nosis was never confirmed. A < V , 

Case 2. R. F., No. 133054, was first seen in 1938 at ihe agfe;^^'6Cl.l 
She was then 4 feet 6 inches tall and thought she had grown ll- inches during 
the j)receding year. She had never had a menstrual period. Her pafehts>nd 
2 brothers were of nonnal height. The patient had been born at /ulb term 
weigliing 6 pounds but had always been undersized in spite of the'daCt that 
her general health had always been excellent. 

She was sturdy in appearance (see Fig. 1), weighed 81 pounds, but was 
sexually undeveloped; there was no breast tissue and very' little. 'axillary' 
and pubic hair; the external genitalia Avere infantile. Her span A\'as 7.7 cm. 
greater than her height. Blood pressure Avas 104/70. • 

Roentgen ray films of her bones taken 2 years later at the ag^ of 17 
shoAved that her bone age AA'as more than 4 and less than 6 years Retarded. 
An FSH test for 10 mouse units per 100 cc. of urine Avas po.sitiA'e; .tAvo 
17-ketosteroid assay's AA'ere 3.9 and 3.6 mg. per 24 hours respectively'. ' 
Case 3. C. M., No. 51984, Avas first seen in 1939 at the age of 22. She 
liad never had a menstrual period and had had hot flashes since the age 
of 14. I^te of groAvth had decreased at the age of 8. Other members of- her 
family Avere short but she was very much the shortest. She had been bom 
2 months prematurely and had had mumps at the age of 4. ^ 

On physical examination she was 4 feet 6 inches with a span.l-.5 ’em. 
greater than her height; she Avas fairly’ Avell nourished and Aveigh'ed SSi 
pounds. Her breasts Avere not dcA'eloped and there Avas no axillary' pp pubic 
hair; the genitalia Avere infantile. Blood pressure AA'as 120/70. 

Her bone age Avas more than 7 and less than 8 years retarded; Roentgen 
rays taken 2 years later shoAved retardation of more than 5 and less than 
9 years. In addition the Roentgen rays shoAA'ed “epiphysitis” of several 
vertebra} (c/. Cases 4, 9, 10 and 11). The serum calcium AA'as 10 mg. per 
100 cc.; serum phosphorus, 3.9 mg. per 100 cc.; and the serum jAiosphatase, 
G.4 Bodansky units. The insulin tolerance test shoAved normal findings. 
The basal metabolic rate AA'as —6%. Taa’o 17-ketosteroid assays AA-ere 4.7 
and 4.7 mg. per 24 hours respectiA'ely', The FSH tests for 10 and 20 mouse 
units per 100 cc. Avere posith'c. 

Peritoneoscopic examination showed an infantile uterus in nonnal posi- 
tion; the right tube AA-as A'isualized as far as the fimbriated end; there AA'as 
no evidence of any' right ovary; no ovarian tissue could be seen on the left 
side either. 

Case 4. U. H. (see Fig. 1), No. 28130, aa'bs first seen in the Out-Patient 
Department in 1920 at the age of 19, at AA'hich time she complained of lack 
of sexual development and of retardation of groAvth. HoAA'CA'er, very' little 
data Avere obtained at that time and it AA-as not until 1930 at the age of 29 
that any comprehensive studies Avere made; these led to the faulty' diagnosis 
of panhypo])ituitarism. She stated that she had abA-ay's been small and 
hutl ncA'er been strong. 

In 1930 she Avas 4 feet 0 inches and Aveighed 74 pounds; her sinin Avas 
7 cm. greater than the height. There A\-as no breast development and the 
external genitalia Avere infantile. She had a small amount of axillary' and 
pubic hair. She Avas definitely' undernourished and her facies suggested 
premature old age as so often is seen in panhy'pojAituitarism. 
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The picture was further complicated by the development of grand mal 
seizures at the age of 28. These brought up the question of hypoglycemia, 
which is so often found in conjunction Avith panhypopituitarism. Her 
basal metabolic rate tended to be Ioav, about —13%. Her serum calcium 
was 11.5 mg. per 100 cc.; her serum phosphorus 4.3 mg. per 100 cc. A 
Roentgen ray of her spine shoived deformities in many of the vcrtehrai and 
some Avedging, interpreted as “epiphysitis” (c/. Case 3). 

The patient entered the hospital again in 1940 because of a detached 
retina resulting from a grand raal seizure. The correct diagnosis Avas then 
arrived at, Avhen it Avas found in the insulin tolerance test that she Avas not 
liypoglycemia unresponsiA'-c, Avhen the FSH test turned out to be positiA'c 
for 10 mouse units per 100 cc., and AA'ben the 17-ketosteroid assays shoAved 
A'alues in the neighborhood of 2 and 3.2 mg. per 24 hours. Roentgen ray 
films taken at the age of 29 and again at the age of 39 shoAA'ed union of all 
epiphyses except the crest of the ilium Avhich Avas not united eA'^en at the 
age of 39. The serum cholesterol Avas 197 mg. per 100 cc. 

Case 5. E. C., No. 47830, Avas first seen at the age of 16 because she 
had never menstruated. She did not knoAv Avhen groAvth had become 
retarded. She had been a full term baby Aveighing only 4 pounds at birth 
and had always been sickly. Other members of her family AA’ere normal in 
height. She had deA-^eloped a small amount of pubic hair at the age of 14. 

On physical examination at the age of 21 (see Fig. 3) she Avas poorly 
developed and nourished; her height AA'as 4 feet 7-| inches AA'ith her span 
10.7 cm. greater than her height; her AA-eight Avas 76 pounds. Her breasts 
AA’ere not developed at all and the external genitalia AA’ere infantile; the 
uterus AA^as not made out by rectal examination; there Avas a .small amount 
of pubic hair. The blood pressure AA’as ahvaj's eleA’ated, circa 150/110; 
there AA’as no other evidence of coarctation of tlie aorta, hoAvever. 

She Avas ojierated upon at the age of 23 for intestinal obstruction from 
adhesions. A small amount of fluid AA’as found in her jieritoneal cavity at 
that time. Her uterus Avas found to be A’crj’ small, cervix being tAvo or three 
times the size of the fundus; the oA’aries AA’ere present but less than 1 x 0.3 x 
0.3 cm. 

Roentgen ray films at age of 20 shoAA’ed at least 5 j’ears delay in I)one age; 
at 26 the}’ shoAved union of all epiphyses except those of vertebra;. The 
FSH test for 10 mouse units per 100 cc. of urine AA'as rejieatedly positive. 

During October, 1937, the patient AA’as started on large doses of estrin 
therapy (circa 1.5 mg. of estradiol benzoate intramuscularly tAvice AA’eekly 
AA’ith interA’als AA'ithout therapy to alloAv for estrin-”"'!.’!'.". 

It AA’as noted that her strength and AA’eight increase!. ■■ ■ : ,■ 
therapy and receded Avhen the therapy AA’as omitted. She developed a large 
amount of axillarj’ and puljic hair and considerable breast dcA’elopment 
(sec Fig. 3). The 17-keto.stcroid assays A’aried from 1 to 3.3 rag. per 
24 hours after 2 years of large doses of estrin; after an additional If years 
of large doses of estrin and jArogestin therapy these A’alues rose to a range of 
about 8 to 11 mg, per 24 hours. With the addition of progestin therajAv 
starting July, 1940, there AA’as a further increase in her Avell-being. 

Case 6. M. K., No. 144936, aa-us first seen in 1938 at the age of 28. 
She had never had a menstrual period and had not developed sexually; she 
had been born at full term and had ahvays been stocky in build. She 
belieA’cd that pubic hair had dcA’cloped betAveen the ages of 12 and 16. 
Other members of the family tended to be of short stature. 

On physical examination she Avas 4 feet 7 inches Avith a span 7 cm. greater 
than her height; she Avcighed 146 pounds and Avas A’crA’ sturdy (see Fig. 1). 
She had a slight amount of pubic hair and practically no axi'llan’ hair; her 
breasts resembled those of .a girl in adolescence and consisted mostly of 
fatty tissue; external genitalia Avere infantile; cervix Avas very small as felt 
jAer rectum. Blood pressure Avas 134/86. 
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Fio. 2. — Chsos 7, 8, 0, 10 and 11 compared with Case B with Addison's disease and complete absence of axillary and pubic hair (see text) and 
Case D (M. G. H., No. 210582) with conucnital panhypopituitarism. The apparent breast development in Case 11 is duo to fat deposits and 
not to breast tis-sue. 
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Several FSH tests for 10 mouse units per 100 cc. of urine were positive; 
two 17-ketosteroid assays were 5.1 and 4.5 mg. per 24 hours respectively. 
The Roentgen ray films 6f the bones taken at the age of 28 showed union of 
all the epiphyses. An insulin tolerance test was not abnormal. Two 
basal metabolic rates were +3% and +15% respectivel 3 \ On peritoneo- 
scopic examination the uterus was found to be infantile; the right tube was 
• seen, but nothing but the slightest amount of tissue was seen in the region 
of the ovary; on the left side neither tube nor ovary was seen. 



Fig. 3.— Caso 5 before cstrin therapy (A.) and after estrin therapy (B). Note 
marked increase in pubic hair; note also increase in breast development which was 
more marked than suRgested by the photograph. 


Case 7.-~J. C., No. 29622G, was first seen at the hospital in 1941 at the 
age of 14. Retarded growth had first been noted at the age of S. At the 
age of 10 she had undergone an operation at the Children’s Hospital in 
Boston for bilateral congenital webbing of the neck. Between November, 
1938, and September, 1939, she had been treated with small doses of thyroid 
(2 to V gr. daily) at the Children's Hospital; larger doses had 1^ to 
sjinptoms of toxicity; during that time she had gained 1^ inches in height 
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and 5 pounds in weight. Other members of the family were of normal 
stature. 

On physical examination she was 4 feet 5 inches, with a span l.'cm. greater 
than her height; she weighed 71 pounds and was ver 3 " sturdy (see Fig. 2). 
There was no breast development; the e.xternal genitalia were infantile; 
there was a small amount of pubic hair and no axillarj’’ hair. She showed 
scars on either side of the neck where the webbing had been removed; there 
was a marked increase in the “canydng angle” of the arm {inde infra 
[Fig. 4]). She had moderate h 3 Tjertension, 146/88, which led to the sus- 
picion on the part of our colleague Dr. William Parson of coarctation of the 
aorta. This was confirmed bj’’ Roentgen ray examination. 



Fig. 4 . — Photopraph of Case 7 with Turner's syndrome to illustrate increase in 
“carrj’ing angles” of arms. 


Her bone age .showed onlj' slight retardation— greater than 1 j'ear and 
le.«s than 2 j-ears. An FSH test for 10 mouse units per 100 cc. was positive; 
two 17-ketosteroid assays were 4.8 and 5.1 mg. per 24 hours respective!}’. 
The scrum calcium was ll.G mg. per 100 cc.; serum phosphonis 5 mg. per 
100 cc.; serum pho3))hatase G.4 Bodanskj' units. 

Case 8. A. G., Xo. 3239G1, was first seen at the hospital in 1941 at the 
age of 181 j’ears. (The authors wish to thank Dr. Z. Eileen Taj’lor for 
pennis.sion to studj' and report this patient.) Except that she had weighed 
onl}' 4 pounds at birth her hi.story until the age of 101 was irrelevant. At 
that time she had suffered from a severe ma.stoiditis and bilateral otitis 
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losing the hair on the top of her head (see Fig. 6). She had bilateral 
cataracts and well-developed Heberden’s nodes (see Fig. 7). Blood pres- 
sure Avas 134/90; There was. absolutely no breast deA'elopment. Ex- 
ternal genitalia were infantile; she had practicall 3 ' no a.xillar}' hair and 
rather scanty pubic hair. Pelvic examination shoAved infantile organs but 
a slightty enlarged clitoris. 



Fig. 5. — Illustration shon-ing so-called "epiphysitis.” A, Case 4. B, Case 0. 

C, Case 11. 



Fio. 0. — Illustrations to show tendency of patients to exhibit senility. A, Case 4, 
age 40; B, Case 10, age 37; C, Case 11, age 30. 


An FSH test for 50 mouse units per 100 cc. of urine Avas positive. Two 
17-ketosteroid urinarj' assays Avere 4.9 and 6.6 mg. per 24 hours respec- 
tivelA'. Eoentgen ra3"s showed closure of all epiph3’ses. There tvas gen- 
eralized osteoporosis and considerable dorsal k3’phosis Avith marked irregu- 
larity of the surfaces of the dorsal A-ertebra;, especialty their anterior halvp, 
and with considerable diminution in the depths of the vertebra? (see Fig. 5). 
Roentgen ra3' films of the elboAvs showed a peculiar underdevelopment of 
the e.vtemal condA-les of the humeri (sec Fig. 7). 
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1923, reported an autopsied case with congenital absence of the 
ovaries. He emphasized the small stature (148 cm.) and the 
presence of axillary' and pubic hair, in spite of absence of other 
secondary sex development. Pich,®- in 1936, summarized the litera- 
ture to that date and added 2 .(Cases 1 and 3) interesting cases. 
Of the cases which were cited by Pich exclusive of Olivet’s case, 
the authors feel that onlj’’ four®*-®^'®®’®® surely belong to the syndrome 
in question. In the absence of the laboratory tests it is obviously 
difficult to separate this syndrome from certain other conditions. 

As to diagnosis in vivo, mention of the syndrome was made in a 
previous paper from this clinic*® before the references in the German 
literature had been found. Varney, Kenyon and Koch*® indepen- 
dently recognized the syndrome and reported on several cases in 
May, 1941, and very kindly imdted the authors to present their 
cases in the discussion. This was done by one of us (P. H. S.). 
The cases of the Chicago group were later reported;*® the first 2 
undoubtedly belong to the syndrome iihder discussion, the second 
2 in all likelihood represent examples of decreased rather than 
absent ovarian function. These authors also called attention to 
another case published by Tronci.*® 

Discussion. Decreased Stature. One of the most surprising features 
of the syndrome under discussion is the decreased stature. These 
patients, however, can hardly be called dwarfs. Pich®® emphasized 
this point and applied the word “Minderwuchs” (decreased stature) 
as opposed to “ Zwergwuchs ” (dwarfism) ; unfortunately the English 
language does not have one word for the translation of “iMinder- 
wuchs.” One rather extraordinary feature about the decreased 
stature is the marked uniformity in size that these patients exhibit. 
The heights in the 1 1 cases here reported varied from 4 feet 5 inches 
to 4 feet 9| inches (average, 4 feet 7 inches). Furthermore, the 
shortest patient in the series, who was 1 inch shorter than any of 
the other patients, has not yet attained her full height; the tallest 
patient in the series is 1 inch taller than any of the other patients. 

The exact cause of the decreased stature remains problematical. 
In the final analysis the height which a person reaches depends on 
two factors; («) the rate of growth, and (6) tlie length of time 
during which the indiHdual grows. In this condition, since there 
is a delayed union of the epiphyses and hence an increase in the time 
during which tlie patients grow, the disturbance is obviously in the 
rate of growth. 

There are five possibilities which seem worth discussing in regard 
to the cause for the decreased rate of growth. 

The first possibility is that estrin may have a direct effect on the 
rate of growth in the epiphyseal cartilage. Estrin does cause pro- 
liferation of cells in many tissues; furthermore, there is a marked 
propensity for atrophy of tissue after the menopause (c/. post- 
menopausal osteoporosis and atrophy of the skin®). Zondek,®® on 
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the other hand, produced dwarfism in animals by large doses of 
estrin. To be sure the viodvs o'perandi there was presumably an 
inhibiting action on the anterior pituitary; but, had there been any 
direct effect of estrin on the epiphyseal cartilages, one would have 
expected to have seen a temporary spurt of growth. Bogart, Sper- 
ling, Barnes and Asdell,’ moreover, found that oophorectomized 
rats grow more rapidly than normal female rats. Furthermore, in 
that syndrome discussed below, where estrin is equally diminished 
but where the primary fault is a lack of gonadotropic hormone 
production in the anterior pituitary in the absence of other pituitary 
insufficiency, one finds normal heights. We think it is unlikely 
that ehanges in growth are due to a direct effect of estrin on the 
epiphyseal cartilage. 

. The second possibility is that a primary ovarian deficiency leads 
to secondary changes in the anterior pituitary which in turn inter- 
fere with the production of growth hormone by said gland. Thus 
it is possible that a gland which is producing a large amount of FSH 
might be less able to produce growth hormone. The autopsy cases 
summarized by PiclF- did show minor changes in the histology of 
the anterior pituitaries, some cases showing an increase in the eosino- 
phil cells and some an increase in the chromophobe cells. Against 
this hypothesis is the fact that castration in males does not lead to 
decreased stature in spite of the fact that the same overproduction 
of FSH in the pituitary takes place. The authors do not favor this 
explanation of the decreased stature. 

A third possibility is that the decrease in estrin production leads 
to a secondary' change in the adrenal cortex which in turn results in a 
decreased growth rate. There are many pieces of circumstantial 
evidence which rather lead the authors to favor this point of vieAv. 
In the first place, testosterone is an important growth hormone; 
the adrenal cortex produces some steroids very similar to testoster- 
one; tumors of tlie adrenal cortex lead not only to sexual precocity 
but to marked somatic precocity; ergo, anything that might afl'ect 
adrenal cortical function might affect growth. Secondly, there is a 
marked spurt in growth in adolescent females at the time of puberty; 
concomitantly the 17-ketosteroid excretion in the urine, which is an 
index of adrenal cortical function, rises. Thirdly, in the condition 
under discussion associated with decreased stature the 17-ketoster- 
oid excretion remains at about the level found in the prepuberty 
normal individual, suggesting that there is a decrease in adrenal 
cortical function as compared with the normal. Fourthly, there is 
considerable evidence that estrin stimulates some hormone of the 
anterior pituitary which in turn stimulates the adrenal cortex. 
Indeed, the authors attribute the rise in 17-ketosteroid production 
in females at puberty to this interrelationship. A hypothetical 
diagram illustrating the above-mentioned relationships is pre.scnted 
in Figure S and discussed below under “Pathologic Idiysiology.” 
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A fourth possibility was suggested by Pich,^^ namely that the 
decreased stature was due to an associated thjTnus insufficiency. 
In her first 2 cases with marked decrease in stature she found 
marked involution of the thymus, whereas in the third case where 
there was less decrease in stature the thjmus was normal. We 
have no comments to make on this hj’pothesis. 

A fifth possibility is that the decreased stature has nothing to do 
with the ovarian hypofunction but that both are the result of some 
widespread defect in the organism. The frequency with which 
other congenital anomalies are met with in this condition would be 
a point in favor of this h 3 q)othesis. 

The data to date are suggestive that estrin therapy accelerates 
growth in this condition ; thus Case 7 grew 1 inch in 6 months under 
estrin therapy, whereas during the previous 2f j^ears she had grown 
3 inches. If it can be established that estrin does stimulate growth, 
possibilities 4 and 5 enumerated above could be eliminated. 

Bone Age. All our patients showed evidence of delaj^ed union of 
the epiphyses and most exhibited eunuchoid proportions, i. e., the 
long bones were out of proportion to the rest of the bod\'. Thus 
the span in each instance was greater than the height. The normal 
individual of average height, of course, tends to have a span which 
is equal to his height; the normal individual of short stature tends 
to have a span which is less than his height. Therefore, when one 
finds a short indi^adual with a span greater than the height, it is 
strong evidence that the epiphyses were late in closing. 

There is considerable individual variation in this group as regards 
bone age. In most instances, however, the retardation was not so 
great as one sees in pituitary dwarfism. Thus, in 5 patients (D. W. 
S., age 28; M. K., age 28; H. M., age 37; U. H., age 39; J. A. M., 
age 30) the epiphj^ses were closed; this statement does not apphv to 
the crest of the ilium which was noted to be still open in patient 
U. H. at the age of 39. C. M. at the age of 22 showed the greatest 
retardation of the patients in our group; thus her bone age was esti- 
mated to show a retardation of greater than 7 j^ears and less than 
8 j'ears. J. C., on the other hand, at the age of 14, had a bone age 
which showed a retardation of more than 1 j^ear and less than 2 .vears. 
The patient of Roessl and Wallart^® had open epiphyses at 39. 

Just whj' the epiphyses should be less delaj'ed in closing in 
ovarian insufficiency" as opposed to panhypopituitarism is not clear; 
but it may verj" well be connected with the fact that the ovarian 
cases have normal or potentially normal adrenals, whereas the 
pituitary" dwarfs have hy"poplastic adrenals. 

PaiienU With Primary Ovarian Insufficiency and Primary Amenor- 
rhea but Without Short Stature. One does encounter instances 
(2 cases in our Ovarian Dysfunction Clinic) where a patient has 
never had a period (so-called “primary amenorrhea”) and has little 
or no breast development, where the FSH test is persistently’ posi- 
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tivc for at least 10 mouse units per 100 cc. of urine, but where one 
does not encounter short stature. Some of these cases, if not all 
of them, especially where there is slight breast development, may 
l)c explainable on the basis of a “premenarchal menopause pnecox.” 
Thus, the menopause may occur at any age; in some instances it 
occurs just after the menarche; there is no reason to believe that it 
might not occur just before puberty. If such were the case one 
might have a normal ])remenarchal adolescence with normal growth ; 
ovarian failure might then take place at about the time the periods 
were to be established. This would lead to non-union of the 
ejiiphyses; the net result might even be slightly increased growth. 

The above explanation is not very satisfactory for those cases 
where there is absolutely no breast development. The normal 
female adolescent child has considerable breast development several 
years before the establishment of the menarche. 

Pich®^ correlated the relatively normal size (156 cm.) of her third 
case with the fact that the thymus was not as atrophied as in most 
cases. This is a possible explanation. 

If one believes, as the authors rather do, that the short stature 
is related to a slight accompanying underfunction of the adrenal 
cortex, one might hypothesize that in certain cases this under- 
function does not take place. It is of some interest that the 2 cases 
without short stature had slightly higher, albeit not significantly 
higher, 17-ketosteroid assays (5.3 and 4.7 mg. per 24 hours in 1 case; 
7.5 and 5 mg. per 24 hours in the other) than 10 of the 11 cases of 
short stature (range; 1 to 5.1 mg.; average, 3.8 mg. per 24 hours*). 
The 17-ketosteroid excretions on Case 10, however, were 4.9 and 
6.G mg. per 24 hours. Finally, both the cases without decreased 
stature had more axillary and pubic hair than most of the untreated 
ones with short stature. Since this hair is probably an indication 
of adrenal cortical function {vide wfra) this finding would point in 
the same direction. 

Axillary and Pnbic Hair. As stated above, the patients with the 
syndrome under discussion tend to have small amounts of axillary 
and pubic hair as opposed to pituitary dwarfs in which such hair is 
entirely absent. This brings up the question as to what is the direct 
cause of such hair growth in females. The fact that it grows out 
during puberty has led to the assumption that it is directly due 
to some ovarian hormone. If such were the case it is difficult to 
see why the patients with primary ovarian failure should have any 
such hair growth at all. The authors rather believe that the 
immediate hormone which stimulates growth of hair in these regions 
comes from the adrenal cortex. 

In favor of this thesis that axillary and pubic hair are due to 

One v.'ihie of 15,a nif:. per 24 hours was discanlctl on Case S as almost surely 
wronp. 
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adrenal cortical rather than ovarian function are the following 
considerations: 

1. The 17-ketosteroid excretion, which is an index in females of 
adrenal cortical function, “ rises at puberty, showing that there is 
a change in the function of the adrenal cortex as well as of the 
ovaries at that time; therefore, a priori, changes at that time might 
just as well be attributed to adrenal cortical function as to ovarian 
function. 

2. Pituitary dwarfs have no axillary or pubic hair (see Figs. 1 
and 2), whereas the patients with the syndrome under discussion 
usually have moderate amounts; the adrenal cortices in the former 
cases are atrophied, in the latter they are relatively normal. 

3. Patients with the syndrome have less than the normal amount 
of axillary and pubic hair; the 17-ketosteroid excretion in these 
patients, while present, is subnormal. 

4. There are four conditions in wmmen which lead to loss of axillary 
and pubic hair; these four conditions are panhypopituitarism or 
Simmonds’ disease, Addison’s disease, h;\y)othyroidism, and extreme 
old age; the 17-ketosteroid excretions are extremely low or absent 
in all four of these conditions.*® 

5. The authors have quite clear evidence that testosterone has a 
direct effect on a.xillary . and pubic hair; since the adrenal cortex 
produces a hormone very similar to testosterone, if not testosterone 
itself, this is anotlier reason to belie^•e that the adrenal cortex 
effects a.xillary and pubic hair growth. 

6. That ovarian function per se is not important to the mainte- 
nance of axillary and pubic hair is the fact that there is very little 
change after normal or artificial menopause in its growth. 

7. Castration in adult males leads to a diminution of pubic hair 
toward the configuration of that seen in normal females; the axillary 
hair diminishes but usually does not disappear; prepuberty castra- 
tion in males does not prevent the development of axillary and 
pubic hair which reaches a degree not dissimilar to that seen in 
normal females; since the castrated male still has a normal adrenal 
cortex, the above findings are consistent with the hypothesis under 
discussion. 

S. The authors have studied a patient with Addison’s disease who 
underwent a normal menarche with regular periods but who never 
developed any axillary or pubic hair (see Fig. 2, Case B). Her 
history is abstracted below under “Case B.” 

9. lilstrin therapy to pituitary dwarfs has no effect on the status 
of axillary and pubic hair; with the same therapy to patients with 
the syndrome under discussion there is a marked increase in axillary 
and pubic hair; since estrin therapy is thought to stimulate the 
adrenal cortex via the pituitary these observations become explicable. 

On the other hand, it is of interest that in many of these cases 
development of axillary and pubic hair occurs at about the time for 
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normal puberty; in some instances its appearance is distinctly re- 
tarded; in Case 11 it did not appear until the age of 28. The 
development of axillary and pubic hair at about the normal time 
for puberty in these cases suggests that the factor which normally 
sets off the stimulation of the ovaries by the pituitary at puberty 
leads at the same time to stimulation of the adrenals by the pitu- 
itary; in the condition under discussion because of lack of the ovaries 
one sees only the adrenal component. These observations in them- 
selves would suggest that the increase in adrenal activity at puberty 
was not dependent on estrin production. 

Addison’s Disease With Absence of Axillary and Pubic Hair. Case B 
(see Fig. 2). H. M,, No. 210582, was first seen at this hospital in 1939 at 
the age of 21 years. She presented the classical picture of Addison's dis- 
ease with pigmentation, hypotension, low serum sodium and chloride, 
hypoglycemia unresponsiveness as shown !)y the insulin tolerance test, and 
absence of 17-ketosteroids in the urine. Addison’s disease had Iseen present 
for at least a year and probably longer as “she had always been weak.” 

Her periods began at the age of 16 years and stopped 1 year before admis- 
sion. She had never developed any axillarj' or pubic hair (see Fig. 2), 
in spite of the fact that she was well developed otherwise. Height was 
5 feet 1 inch. 

Other Cotigeniial Anomalies. PiclF- called attention to the fre- 
quency wdth which other congenital anomalies are met w’ith in this 
syndrome. In this connection it is very interesting that her Case 3 
had a coarctation of the aorta as did our Case 7. This latter patient 
also had congenital Avebbing of the neck for which she w'as operated 
upon at the Children’s Hospital.-^ It is of further interest that a 
patient recently jeported by OrnsteiiF" as a case of hypopituitarism 
also had coarctation of the aorta; from the data published the 
authors feel that there is little doubt that the diagnosis w'as primary 
hypoovarianism rather than hypopituitarism. Dr. Lawson Wilkins 
(Johns Hopkins Hospital) show^ed one of the authors a patient who 
in all respects fits the syndrome and who like Case 7 has both coarc- 
tation of the aorta and webbing of the neck. He called the authors’ 
attention to “Turner’s syndrome.’’^* This latter author described 
() cases in wmmen characterized by short stature, complete absence 
of breast development, in most instances slight amounts of axillary 
and pubic hair, congenital webbing of the neck, and increase in the 
carrying angles of the arms (cubitus valgus) (see Fig. 4). L'nfortu- 
nately, there were no studies oji excretion of follicle-stimulating- 
hormone, nor any data on which to base the presence or absence of 
coarctation of the aorta. Strong evidence that Turner’s syndrome 
is due to ovarian insufficiency and not to panhypopituitarism was 
brought forth by E. P. Sharpey-Shafer.'*^ lie reported on the 
autopsy findings of a case which died of miliary tuberculosis. The 
endocrine glands, except the ovaries, showed no gross le.sions. One 
ovary could not be found and the other was thought to have been 
destroyed by tuberculosis, as no active ovarian tissue was demon- 
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stratecl. No mention was made of the aorta. Two of Turner’s 
cases had internal squints as did our Case 9. Case 1 1 in our series 
had had a cleft palate; Case 10 had an anomalous condition of the 
bones at the elbow (see Fig. 7). 

Ovarian Pathologic Anatomy. From the German literature, sum- 
marized by Pich,®“ it is quite clear that most of these cases are 
suffering from a congenital absence or extreme malformation of the 
ovaries. lycss. often the ovarian lack may be due to inffaminatory 
disease at an early age. In Case 1 the question was raised, but not 
\'^erified, that the ovarian lack might have been the result of destruc- 
tion of the ovaries by Malta fever. Case 5 in our series showed 
rudimentary ovaries on gross inspection during an operation for 
appendicitis; they were reported as being less than 1.3 x 0.3 x 0.3 cm. 
in size. Cases 3 and 6 were examined with a peritoneoscope without 
finding any definite ovarian tissue. In those cases where there is a 
coarctation of the aorta it seems possible that the ovarian insuffi- 
ciency may in some way be connected with faulty blood supply. 

Precocious Senility. From an academic point of view one of the 
more interesting features of this weird sjmdrome is the marked 
tendency to precocious senilitj'' reminiscent of that seen in pan- 
hypopituitary dwarfs where the term “progeria” has been applied. 
In a pre\dous communication from this laboratory® attention has 
been called to tlie marked tendency of women after the menopause 
to develop osteoporosis and atrophj" of the skin. It would now 
appear that ovarian lack largely accelerates the aging process of 
atrophy in general; thus a patient of 30 with primary o\'arian 
insufficiency may look almost as old as a woman 30 years after the 
menopause. 

Our series contains 4 patients over 30 years, Cases 4, 6, 10 and 11, 
aged 40, 31, 37 and 30 respectively. All showed atrophy of the skin 
of the face and vTinkles similar to those seen in much older women 
(see Fig. G). Case 10, furthermore, had senile cataracts, marked 
alopecia of the scalp and Heberden’s nodes (see Fig. 7). Case 11 
had mild diabetes similar to that seen in older women. Both 
Cases 4 and 10 had developed epileptic seizures, the exact signifi- 
cance of which is not apparent. 

What effect estrin tlierapy will ha\'e on the premature aging 
remains problematical; it will undoubtedly inhibit its development; 
will it make it retrogress? 

Osteoporosis and “Epiphysitis" of Spine. Several of the patients 
in this group have shown moderate osteoporosis especially of the 
spine and pelvis. Ildien present it is very reminiscent of that seen 
in the postmenopausal state®and undoubtedly due to thesame cause, 
namely ovarian insufficiency. 

Many of the cases, notably Cases 3, 4, 9, 10 and II, showed to a 
greater or lesser degree irregularities, locally termed “epiphysitis," 
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on the upper and lower margins of the vertebra; (see Fig. 5). The 
exact nature of these changes remains obscure. 

Pathologic Physiology. In this section an attempt will be made 
to elucidate the deranged endocrine pattern in the syndrome under 
discussion. Certain parts of this pattern are very clear; others are 
still most hypothetical. In Figure 8, A a tentative scheme of the 
normal interrelationships of certain hormones which pertain to the 
problem at hand is depicted; in Figure 8, B certain hypothetical 
alterations in these interrelationships in the syndrome under dis- 



Fig. S. — Hypothetical and schematic diagram illustrating possible hormonal inter- 
relationships in (A) normal status, {B) condition under discussion, and (C) the 
condition under discussion under estrin therapy. The pituitarj’ is divided into three 
compartments, that making follicle-stimulating hormone (FSH), that making luten- 
izing hormone (LII), and that making all the rest of the hormones, here designated 
“cl. al.” Ov., ovary; E, estrin; P, progesterone; A.C., adrenal cortex; C.H., adreno- 
cortical hormones which are not 17-ketosteroids; 17-KS, 17-ketosteroids made from 
adrenal cortex; HYP., hypothalamus. Dot-dash line connecting hypothalamus with 
pituitary indicates hypothalamic-pituitarj' nervous pathway partly controlling 
))ituitary function. For further discussion sec text. 


cussion are set forth; finally in Figure 8, C a possible effect of estrin 
therapy on this hormonal imbalance is shown. The authors present 
these diagrams, not that they have much hope that they arc correct 
in all their ramifications, but as a first approximation; it is hoped 
that others will make corrections. 

That tliere is primary ovarian insufficiency in this syndrome there 
is little doubt. Thus, the autopsy findings in the German litera- 
ture^- and the high excretions of follicle-stimulating-hormone are 
strong evidence in this direction.- Furthermore, the low 17-kcto- 
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steroid excretions make it quite certain that there is an accompany- 
ing disorder of the adrenal cortex.*® 

There is considerable evidence®-*--*®-*®-*®-® that estrin stimu- 
lates eitlier tlie luteinizing hormone (LH) of the anterior pituitary 
(see Fig. 8, -4) or a closely related hormone {vide mfra); there is 
also evidence that estrin administration causes hyperplasia of the 
adrenal cortex in female rats®® and hyperplasia of the androgenic 
zones in male mice;®-®® one is tempted, tlierefore, to hypothesize 
that the effect of estrin on the adrenal cortex is mediated through 
the LH function of the anterior pituitary (see Fig, 8, A). That 
LH does stimulate the adrenal cortex is further suggested by the 
fact that testosterone and progesterone, two substances that almost 
surely inliibit LH production since tliey are the end results of LH 
production, both cause atrophy of the adrenal cortex.®*-®^-®*-®*-*®-*®-®® 
There is positive as well as this theoretical evidence that testosterone 
inhibits LH;®*-**-®® tliere is also such evidence for progesterone.® •*®-®® 
The production of adrenal cortical hyperplasias and tumors in both 
male and female animals by gonadectomy*' -*'•** suggests that the 
sequence of events in such e.xperiments may be: a, gonadectomy; 
b, increase of LH production; and, c, adrenal cortical stimulation. 

From the above observations one would like to attribute the 
adrenal cortical hypofunction in the syndrome under discussion to 
lack of LH stimulation and this in turn to lack of estrin. Such an 
interrelationship is supported by the observation that estrin therapy 
in these individuals leads to the production of axillary and pubic 
hair, a phenomenon probably linked with adrenocortical function 
{vide supra). The authors regret that they do not have unequivocal 
evidence that estrin therapy also leads to an increase in 17-keto- 
steroid excretion. 

Before leaving Figure 8, it should be noted that it is so con- 
structed as to suggest that LH stimulates only that part of tiie 
adrenal cortex ivhich has to do with the production of ]7-ketostcr- 
oids whereas the corticotropic hormone stimulates that part which 
does not produce 17-ketosteroids. There is really no evidence one 
way or the other on this point, but in a black and white diagram 
it is very difficult to hedge. This point is further discussed in a 
previous paper.* 

It is now necessary to discuss some evidence which suggests that 
the above scheme may have to be modified. Until recentl\' it has 
been assumed that LH plays a part in three phenomena; 1, the pre- 
ovulatory spurt of growtli of tlie ripening follicle; 2, ovulation; ant! 
3, progesterone formation by the corpus luteum. .A.stwood* has 
performed some very convincing experiments suggesting that the 
actual production of progesterone by the corpus luteum is not 
mediated through LH but through the “luteo-tropliic” hormone. 
It would appear, therefore, that many of the functions that have 
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been attributed above to LH may really be mediated through 
luteotrophin. Thus it may be luteotropbin and not LH which is 
stimulated by estrin. Such a thesis is supported by the fact that 
estrin therapy in rodents does not lead to corpora lutea formation 
but to increased size of corpora lutea and increased production of 
progesterone.^®-'^- Furthermore, it may be luteotrophin which 
stimulates the adrenal cortex and not LH; this suggestion gains 
weight from the fact that preparations containing adrenal cortical 
hormone also contain luteotrophin. The above explanation would 
take care of the disturbing fact that crystalline LH in hypophysecto- 
mized animals apparently has no effect on the adrenal cortex.® 
There is some evidence, moreover, that estrin causes hyperplasia 
of the adrenal cortex only in the presence of a functioning corpus 
luteum it may be of some interest, therefore, that the only one of 
our patients who has had a definite rise in the 17-ketosteroid excre- 
tion under therapy is the one who received both estrin and pro- 
gesterone (see Case 5). Finally if it turns out that neither LH nor 
luteotrophin stimulate the adrenal cortex then one will probably 
have to modify the scheme by having estrin stimulate the cortico- 
tropic hormone directly or one of the corticotropic hormones if 
there are two. 

Figures 9 A, 9 B, and 9 C are constructed similarly to Figures 8 A, 
8 B, and 8 C, to show the hormonal relationships in pituitary 
dwarfism (Fig. 9 B) as opposed to the normal (Fig. 9 A) and the 
effect of estrin therapy in this condition (Fig. 9 C). The illustra- 
tions speak for themselves. It should be noted that because of 
complete lack of pituitary function estrin therapy has no effect on 
the adrenal cortex, and, hence, no effect on axillary hair. 

Classification of Congenital Ovarian Insufficiencies. At the ex- 
pense of slight repetition the authors would like to enumerate four 
distinct clinical entities leading to “primary amenorrhea,” namely: 
a, the syndrome under discussion; h, menopause occurring shortly 
before the menarche; c, panhypopituitarism; and, d, a selective 
underfunction of one or more gonadotropic hormones with secondary 
ovarian atrophy. 

The first three of these conditions and their differentiation from 
one another require no further discussion. Needless to say, “/>” is 
not a congenital ovarian deficiency but rather an acquired one. 

The authors have studied 2 cases characterized by complete 
ab.sence of ovarian function, primary amenorrhea, absence of short 
stature, absence of persistently high excretions of FSH, 17-keto- 
steroid e.xcretions which are probably slightly low, small amounts 
of axillary and pubic hair, responsiveness of axillary and pubic 
hair to estrin therapy, and moderately delayed bone ages. The 
authors do not feel too dogmatic about this syndrome but are now 
in the process of studying more cases. The syndrome may be the 
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female counterpart of what has been called “eunuchoidism-with- 
negative-FSH’’ in malesd* In any case, the one thing the authors 
feel quite certain about is that the condition is not primarily ovarian 
but secondary to some pituitary disturbance but not to a panhypo- 
pituitarism.^ An acquired amenorrhea, apparently due to absence 
of follicle-stimulating-hormone, is not uncommon; it was discussed 
by Albright and Halsted.- 



Fig. 9. — Hypothetical and schematic diagrams indicating possible interrelation- 
ships between various hormones in (A) normal status, (B) panhypopituitarism, and 
(C) paohj-popituitarism under estrin therapy. For explanation see Figure 8; for 
discussion see text. Note that estrin therapy has no effect on the adrenal cortex 
because of absence of pituitaiy function. 


Summary and Conclusions. 1 . Eleven cases of a sjmdrome prob- 
ably due to, and at least associated with, life-long ovarian insuffi- 
ciency have been described. 

2. This sjmdrome is characterized by infantile se.\'uai organs, 
complete lack of breast development, small to moderate amounts of 
axillary and pubic hair in spite of complete absence of other so- 
called “ secondary sex characteristics,” short stature, the frequency 
of congenital anomalies especially webbing of the neck and coarcta- 
tion of the aorta, late union of the epiphyses often accompanied by 
epiphysitis, osteoporosis, precocious senility, an excess of follicle- 
stiraulating-horraone in the urine and a decrease but not an absence 
of the excretion of the 17-ketosteroids in the urine. 

3. This condition is to be differentiated from pituitary dwarfism 
(panhypopituitarism) by the following criteria: A, The individuals 
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are short rather than dwarfs. B, The bone ages are only slightly 
retarded ratlier than markedly so. C, These patients have a re- 
duced amount of axillary and pubic hair rather than none at all. 
J), Estrin therapy in these individuals leads to marked increase in 
axillary and pubic hair whereas it has no such effect in panhyjio- 
pituitarism. E, These patients are quite strong and well mmrished 
rather than weak and undernouri.shed. F, The follicle-stimulating- 
horraone in the urine is increased above the normal rather than 
absent. 0, The 17-ketosteroids in the urine are decreased but not 
minimal. //, In an insulin tolerance test these patients exhibit nor- 
mal hypoglycemia responsiveness as opposed to hypoglycemia un- 
responsiveness.'** These patients can have diabetes mellitus as a 
complication (see Case 12), whereas from the work of Houssay this 
complication is incompatible with panhypopituitarism.'*® I, These 
patients are prone to have other congenital anomalies. 

4. The syndrome is differentiated from three other conditions 
causing life-long or primary amenorrhea; these are panhypopituitar- 
ism (pituitary, ateliotic, Lorain-Levi, or Paltauf dwarfs), “pre- 
menarchal menopause prsecox,” and a selective deficiency of the 
gonadotropic hormones of the anterior pituitary. 

5. A discussion is included as to which hormones in females 
directly cause axillary and pubic hair growth; evidence is cited sug- 
gesting that this function in females depends on an adrenal cortical 
hormone. 

6. Five hypotheses are discussed as possible causes for the 
diminished rate of growth in this syndrome; the authors rather 
believe it results from decreased adrenal cortical function which in 
turn results from decreased pituitary-stimulation-of-the-adrenal- 
cortex which in turn results from decreased estrin production. 

7. Evidence is presented to suggest that Turner’s syndrome- 
congenital webbing of the neck, sexual and somatic infantilism, and 
cubitus valgus— is a subform of this syndrome. 

8. Emphasis is placed on a marked tendency to precocious senility 
in this syndrome; an analogy is drawn between the atrophied tissues 
after normal menopause and the atrophy exhibited by these patients 
at a very much younger age. 

9. Replacement therapy with estrin leads to a marked increase 
in general well-being, causes development of the breasts and increase 
in axillary and pubic hair, and probably leads to an increase in the 
rate of growth in those subjects whose epiphyses are still ununited. 
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Although it is well known that the administration of large doses 
of epinephrine intravenously to the experimental animal will result 
in profound circulatory failure,’-'^'® the development of shock-like 
symptoms in cases of pheocliromocytoma in which there is pre- 
sumably an excessive secretion of epinephrine or an epinephrine- 
like substance® has been noted only occasionally, and there has been 
little comment concerning its significance. Oberling ei al.^^ describe 
the case of a 28-year-old female with a pheocliromocytoma wlio 
had rapid fluctuations in blood pressure from 170/125 to 220/155 
and who died in shock a few hours after delivery. E^^'^n’s case,® a 
12-year-old girl, had 2 se^'ere paroxysms terminally in which the 
blood pressure rose to 285/230 mm. and which were followed Ijy 
marked tachycardia and circulatory collapse with a systolic pressure 
of 30 mm. The demonstration of a pressor substance in the blood 
closely resembling epinephrine in a case of pheocliromocytoma® 
and the successful assays of the tumors for epinephrine strongly 
suggest that these shock-like states might be analogous to those 
jiroduced in animals by the continuous intravenous infusion of 
eiiinephrine.® In onl.N' rare cases, however, have the paroxysms 
been of sufficient duration in humans to make possible careful 
observations of the effects of prolonged “epinephrine” discharge 
in the human. 

The present case is an unusually severe instance of this syndrome 
in whicli the attacks were induced by tlie most simple physiologic 
stimuli for epinephrine discharge and in which the attacks lasted 
as long as 36 hours, often terminating with a clinical picture sug- 
gestive of so-called “epinephrine shock.” Because of the alarming 
character and frequency of the attacks, the localization of the 
tumor and its succc.ssful removal presented unusual difficulties. 

C.\sE Histouv. Tiie patient, a 23-year-old Puerto Rican girl, had 
enjoyed good health until 2?. years ago when she began to have episodes 
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Physical examination revealed a frail, but fairly well-nourished girl with 
moderate pallor. The fundi showed slight narrowing of the arteries and 
somewhat hyperemic disks with indistinct margins. The heart was not 
enlarged. The peripheral arteries were slightly thickened. The abdomen 
was soft; no masses were palpable. The left biceps reflex was more 
active than the right; the right ankle- and knee-jerks were greater than 
those on the left. A left Hoffmann reflex was present. The blood count was 
normal. The urine showed a faint trace of albumin. The fasting blood 
sugar was 90 mg. per 100 cc. and urea nitrogen 14 mg. per 100 cc. Roentgeno- 
grams of the abdomen and chest showed no abnormalities. An intravenous 
pyelogram revealed the kidnej’'s to be normal in size and position. 

Description of a Typical Attack with Shock Syndrome. (Fig. 1.) During 
her stay in the hospital, the patient had frequent attacks, most of whicli 
were spontaneous and a few induced. The attacks varied in severity from 
lesser ones lasting an hour or more, to the most severe ones lasting over 
.36 hours. Between attacks her blood pressure was usually moderately 
elevated, ranging from 140 to 160 mm. Hg sj^stolic and 90 to 110 mm. 
diastolic, but occasionally was entirety normal. 

A sudden onset of palpitation, pounding headache, blanching of the face 
and extremities, abdominal cramps, nausea and repeated vomiting, was 
followed b}'’ marked diaphoresis. Blood pressure readings taken .shortl}' 
after the onset showed extreme elevation, frequently over 310 mm. Hg 
systolic and 180 mm. diastolic. Wren the attack continued beyond 8 to 12 
hours, during which period the patient continued to complain bitterly of 
])Ounding headache, palpitation, abdominal pain and vomiting, an inter- 
esting sequence of events ensued. The major peripheral vessels began to 
show evidences of progressive constriction, the pulses becoming of very 
small amplitude until entirety obliterated both to palpation and oscillo- 
metric determination (Table 1). At times constriction of the arteries was 

Table 1.— Oscillometbic Readings Dubing and Between Pabo.xysms 



Interval 

Paroxysm 

Right ankle 

.... 1 0 

0 

Right calf 

... 1 6 

0 

Right thigh 

. . . 2 5 

less than 0 5 

Left ankle 

. . 1.5 

0 

Left calf 

.... 3.0 

0 

Left thigh 

.... 3 0 

less than 0.5 

Right wrist 

. 0 5 

0 

Right forearm 

... 1 5 

0 

Right arm 

. . 4.0 

less than 0 5 

Loft wrist 

1 .5 

0 

Loft forearm , 

. ... 3.5 

0 

Left arm ... 

.... 3 0 

less than 0 . 5 


so great that even the pulsations of the carotid arteries were barely paljrable 
and the pulse rate could onlj' be obtained at the precordium. Because of 
the absence of audible or palpable pulsations, it became impossible to 
determine the blood j)ressure by means of the s])hygmomanometer. The 
extremities, including the nose and ears, became extremely cold, pale, and 
cyanotic. The temperature of the skin, determined by the Demiathenn. 
showed a fall of as much as 7.6° C. in the extremities but little change 
over the trunk, while the rectal temperature rose to as high as 40°C. (104° F.). 
This gradient in skin temperature was a striking finding, repeatedly con- 
firmed (Table 2, Fig. 1). Profuse diaphoresis over the trunk and face was 
always present at this time and there was usually a tachycardia, reaching 
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130 per minute. The neck vems sometimes appeared distended, and the 
patient often complained of d 3 'spnea. The venous pressure in the ante- 
cubital vein, howevCT, was found to be normal during the early part of 
one attack, and during a later stage collapse and constriction of the veins 
of the extremities was so great that venipuncture became impossible. 

Table 2. — Skik and Rectal Tempebatobes in Degbees Centigrade During 
AND BeTIVEEN PaBOXV8.«S 


Interval Parosysm 

Right forefinger 32 3 24 7 

Left forefinger 30.8 2G.1 

Right forearm . 32 8 29 9 

Left forearm 31.8 29.0 

Right arm 32 8 30 4 

Left arm 31.5 29,3 

Right great toe .... . 31 3 25.4 

Left great too .... ... 31.3 25.2 

Right calf 30.8 28.4 

Left calf 31.3 28.0 

Right thigh 31.8 31 9 

Left thigh . . 31 3 30 2 

Abdominal wall 33 3 33 2 

Sternum 33 3 31 4 

Nose 31.8 24 4 

Rectum 37.0 40 0 


During the height of an attack the fundi showed definite chang^, which 
were described by Dr. Lambert as follows: “In the supine position, witli 
a blood pressure of 270/150, the arteries are somewhat thinner than normal 
with a bright irregular reflex and are quite irregular in calibre. They indent 
the veins somewhat and there is a general slight propulsive pulsation. The 
veins are also irregular in calibre, and are somewhat dilated. E.xaminatioii 
after standing (blood pressure 305/170) showed what seemed to be a more 
general narroving of the arteries, but no definite transitory' or motile 
spasms could be detected.” 

Urinalyses during an attack regularly' showed an increase in albumin 
to 3+, and the appearance of red cells, white cells and casts. Slight glyco- 
suria was noted once. The blood sugar was not found to be elevated on 
the one occasion it was possible to do a venipuncture. Electrocardiograms 
during an attack showed a sinus tachy'cardia, high QRS, depressed R-T 
1, 2 and 3 segments, and inverted T-1. 

Eventually, after 24 to 36 hours, the patient showed evidences of periph- 
eral vascular collapse, -nith apparent blood pressure readings obtained as 
low as 76/60 mm., hemoconcentration (as demonstrated by a hematocrit 
reading of 53%), tachycardia and torpor, while the er'idences of dimini.«hed 
blood flow through the extremities persisted. The state of circulatory 
collapse would last several hours and then gradually the peripheral pulse.s 
would become fuller and slower, the extremities warm, the blood pres.sure 
would return to normal, the hematocrit would fall to its nonnal value of 
38%, and the sj’stemic temperature would fall, until the whole cycle was 
repeated with the ne.xt severe paroxysm. 

hxdudion of (he Attacks. The means to induce the attacks afforded 
interesting support for Cannon’s concept of the emergency function of the 
sympathico-adrenal sj'stem.® The usual stimuli for sjunpatlietic di.schargc 
were found to produce attacks readily-. Spontaneous attacks occurred 
during fear, anger, excitement, se.xual intercourse, before meals when the 
blood sugar was probably falling, and during the induction of nnesthesm 
when asphy-xia probably was a factor. 
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Similarly, attacks were induced by analogous procedures. A change 
from the prone to the sitting position resulted in a rise in l^lood pressure 
from 160/110 mm. to 175/125 mm. Standing then led to a prompt fall to 
155/110 mm. and then a rapid rise to 305/170 mm. in 15 minutes, with a 
pulse rate of 80. Massage of the carotid sinus during this maximum rise 
caused a transient slowing of the pulse and a prompt fall in pressure to 
160/116 which, liowever, immediatel}’^ rose on discontinuing the stimulation, 
demonstrating the reflex pathways to be intact and at least potentially 
active. On reclining, the blood pressure returned to normal only after 
several hours (Fig. 2). This response to posture was regarded as an exces- 
sive exaggeration of the normal postural blood pressure reaction and cor- 
related clinically with the patient's historj’^ of attacks upon arising in the 
morning. 



Flo. 2. — The cfTocl of change in i)ostuio in n case of phcochromocyfoma of the 
adrenal. Note the effect of carotid sinus stimulation. 


To demonstrate that the postural reaction was not an emotional one, 
the patient was given 5 gr. of sodium amytal intravenously until she was 
asleep. During the administration of the drug the blood pre.‘:.=:ure fell from 
120/90 to 94/40. The patient was then supported in the erect position and 
the blood ])re.ssure rose jjromptly to 270/160 (Fig. 3). 

On another occasion, hyperventilation for 3 minutes caused a rise in 
pressure from 170/110 to 305, IGO, the pressure not yet returning to its 
initial value at the end of 1 hour. In this instance, mechanical ma.s.sage 
of the tumor probably played a role, since at operation the tumor was 
found to be adherent to the diajfliragm. 

Cvfld and pain, induced by immersion of the hand in ice water for 2 minutes, 
caused a rise in pressure from 135 '9S to 200/135 in 3 minutes, which was 
maintained for over an hour (Fig. 4). 
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Attempts to induce paroxysms by massage of the abdomen were uni- 
formly unsuccessful. Studies with insulin, adrenalin, histamine and other- 
drugs were not carried out because of the severity of the paroxysms. A 
dextrose tolerance test had to be omitted for the same reason. 





Fig. 3.— The effect of sodium amj-tal on the postural blood pressure response; 
5 gr. of sodium amytal was administered intravenously until the patient was un- 
conscious. The response on supporting the patient in the upright position demon- 
strates that the blood pressure rise on standing was not due to an emotional reaction. 

.P'-- ’ Pressure Studies (Table 3). These were detennined 

by ! V ■ ■ ■ on the brachial arterj' and the digital arteries of tlie 

middle finger of the left hand, using the Gaertner method for digital pre«- 
sures. During an attack, the brachial-digital sj'stolic difference was between 
100 and 120 mm. Hg, as compared to 50 mm. after the removal of the 
tumor, which is within normal limits. This high differential is characteristic 
of the hypertension produced by epinephrine, 

T.\ble 3, — BnACHiAi. and Digital Blood Phe.sscres (Method of Gaert.seii) 



During a 

.\fter remoral 


paroxysm 

of tumor 

Bracliial .“ystolic pre,s.surc (mm. Hg) 

, . 220 

ns 


200 

no 


280 

no 

Digital systolic pressure (mm. Hg) 

. 130 

os 


154 

on 


150 

54 

Brachial-digital systolic blood pressure 

difference 90 

50 


100 

50 


130 

50 
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Trealmenl of the Paroxysms. All measures employed to terminate attacks 
were without avail. Ergotamine tartrate, which is an antagonist to ejnneph- 
rine was completely ineffectual in a dose of 1 mg. intravenously. Sodium 
amytal and other rapidly acting barbiturates gave only slight symptomatic 
relief, but did not appear to shorten the attacte or lower the blood pressure, 
except transiently. It was felt that the use of parasjnnpathetic drugs was 
contraindicated because of the sympathetic rebound likely to occur after 
tiieir administration. The use of plasma during the shock-like states was 
considered, but did not prove possible because of the extreme collapse of 
the peripheral veins. 

0 

o 

is 



Fio. 4. — Cold pi'essor lest. The hand was immer.sed in ire water at 4° C. for 2 min- 
utes. Note the sustained rise in blood pressure. 

Roentgenologic Demonstration of the Tumor (Fig. 5). Perirenal insuffla- 
tioiP'^ was perfonned by the instillation of 550 cc. of oxygen into the right 
perirenal space. There was no untoward reaction. Roentgen ray examina- 
tion revealed a suggestion of a small mass in the right adrenal area, the 
lower portion of which was flattened and caused a flattening of the upi)or 
pole of the kidney. 

Preoperalive Preparation. Because of the dangers of emotional excite- 
ment, preparations were made to “steal” the adrenal as is usually done with 
the thyroid in cases of Graves’ disease. Avertin was given as the basal 
anesthetic. To avoid the inevitable shock attendant upon the removal of 
an adrenal tumor, the patient was given desoxycorticosterone acetate 
(synthetic adrenal cortical steroid) intramuscularh', and glucose atid saline 
intravenously preoperativcly, adrenal cortical extract intravenously during 
the operation, and epinephrine hypodermically and intravenously and 
epinephrine-in-oil intramuscularly during and after the operation. This 
rdgime, which has been previously outlined by Biskind rt at.* was designed 
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to prevent the effects of the sudden withdraival of epinephrine from the 
blood, which is the cause of the immediate fall in blood pressure on tying 
off the tumor, as well as the dela 3 md shock which is probably due to tem- 
porarj' adrenal cortical insufficiency. Anoxia at the operation was mini- 
mized bj' the use of cjmlopropane as the anesthetic. 



Fig. 5. — Perirenal insufflation showing the outline of the kidney and the adrenal 
tumor. The upper surface of the tumor was not delineated because the tumor was 
found to be adherent to the diaphragm. Note the flattening of the upper pole of the 
kidney. 


Operation. Through a right lumbar incision the renal area was e.xposcd, 
the kidnej'" was mobilized and retracted downwards. A tumor the size 
of a large plum was found in the adrenal area. It was round, semi-soft, 
attached to the upper pole of the kidnej' and adherent to the diaphragm. 
At the onset of the operation, the sj'stoUc blood pressure was 120 mm. 
As soon as the tumor was palpated, the blood pressure rose to 220 mm. Hg, 
at wliich level the pressure was maintained almost constant!}' until the 
last vessel to the adrenal gland was ligated. At this point the blood pressure 
dro])ped precijiitously to 110 mm. and then further to 70 mm. The tumor 
was easil.v removed. 


Leoe.vds Fon Figs. G, 7 and S 

Fig. (>.— Gross apiicarance of the adrenal tumor. Scale in cenlimcters. 

Fig. 7.— The tumor in section. Note the vciy thin section of .adrenal cortex. The 
rest of the specimen reiire.sents the medullarj' tumor. 

Flo. S. — iilicroscopic .‘section of the pheochromocytoma. 
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During the first 12 hours postoperativel}^ the blood pressure ranged 
between 70/50 and 90/65, but the patient’s general condition remained 
relative^ good. Thereafter, the blood pressure Avas maintained at about 
100 nun. Hg s 3 "stolic and her course rvas uneventful. 

Pathology and Bio-assay (Figs. 6 , 7, 8 ). The tumor Avas found to consist 
of a greatlj-- enlarged adrenal gland, Aveighing 31 gm. and measuring 5.5 b}’ 
3.5 cm. On section the enlargement of the gland aaus found to be due to 
the presence of a tumor occupj^ing the central portion of the gland and 
uniformlj'^ expanding it. The cortex Avas intact and Avas Ausible as a narroAv 
golden 3 'elloAv zone spread OAmr the surface of the tumor. The central 
tumor AA'as mottled gra 3 'ish broAA-n, soft and cellular, and AA’hen unmersed 
in dichromate solution assumed a striking dark broAA'n appearance. Micro- 
scopicalb^ it had the characteristic structure of a pheochromoc 3 doma 
(Fig. 8 ). 

Bio-assa 3 ’^ of tumor vr&s performed b 3 ’' Dr. M. B. Bender, aaFo found 
that each gram of tumor caused a reaction in the denerAUted cat’s iris, a 
retraction of the nictitating membrane, and a blanching of the S 3 Tnpa- 
thectomized ear equhalent to that caused b 3 ' 8 mg. of epinephrine. It 
also caused a rise in blood pressure in the cat. 

Postoperative Studies. Postoperath'ety the patient became entire^' free of 
spontaneous attacks. H 3 TDerAmntilation and immersion of the hand in 
ice AA'ater caused no significant rise in blood pressure. Postural studies 
revealed a mild degree of postural h 3 "potension 1 month after operation, 
but this disappeared later. Oscillometric readings and skin temperature 
readings became entirel 3 ^ normal. Subcutaneous injection of O.OOJ mg. of 
epinephrine per kg. of bod 3 ' Aveight caused no significant rise in blood 
pressure. The electrocardiogram returned to normal. The urine shoAA-ed 
onl 3 ’' a A’er 3 " faint trace of albumin. A dextrose tolerance test revealed a 
fasting Amlue of 65 mg., a rise to 125 mg. in 1 hour and a rapid fall to 45 mg. 
AA'ith h 3 ’’pogl 3 'cemic .s 3 mptoms at 4 hours. There AA'as no eAudence of adrenal 
cortical insufBcienc 3 '’ either 63 ' electrol 3 d« studies or from the subsequent 
course. On examination 3 months after the operation, the patient had 
gained 20 pounds and AA'as entirel 3 ' as 3 miptomatic. There AA'as no postural 
h 3 ’potension at this time. 

Comment. This patient, aa'Iio had SA'mptoms of liA'perepineph- 
rinemia for at least 2 ^ A'ears, had attacks of such unusual severit 3 ’ 
that she presented an excellent opportunitA' to stud.v the effects 
of prolonged epinephrine discharge in the human. A rcA'icAV of the 
literature reveals fcAV instances in Avhich the paroxA'sms Avere of such 
long duration; and those AA'hich AA’cre terminated fatalh'. Pincoffs"' 
reported a case in AA’liich the attacks lasted up to 10 hours. In 
Belt and PoAA'ell’s case^ spontaneous attacks lasted up to 6 to 7 
hours, and the terminal paroxA'sm, AA'hich had man.v features 
similar to the case here described, lasted 48 hours and AA'as char- 
acterized Ija' marked liA'pertension, AA’hich graduallA’ declined, tachy- 
cardia, persistent A'omiting, In-perpA'rexia up to 107° P., and 
finalh- death after a period in AA'hich the blood pre.ssure fell and 
the pulses became barelA' perceptible. In most of the reported cases 
attacks lasted from onl.v a fcAv minutes to a fcAv hours. 

HA'perpA'rexia, particularlA- during the terminal attack, is another 
manifestation Avhich has been noted seA'eral times but has recciA'ed 
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little comment. In one of the earliest cases to be recognized, “ the 
patient had several parox3^sms a day lasting from 1 to 4 hours with 
a blood pressure rise to 260/180 and fluctuations in temperature 
from 39.5° to 40° C. Belt and Powell’s case had a temperature of 
107° F. terminally and De Wesselow® reported that temperature 
rose to 105° F. preterminally, although he does not describe the 
clinical state at this time. In our case, every attack which lasted 
more than a few hours was associated with a rise in rectal tempera- 
ture to 102° to 104° F. and a simultaneous fall in skin temperatures 
and oscillometric readings in the extremities. This rise in internal 
body temperature may be considered as due both to the increased 
heat output caused by epinephrine, which Cannon has found to 
amount to 50 calories per mg. of epinephrine,^ and to failure to 
dissipate heat by normal channels at an equivalent rate because 
of the marked peripheral vasoconstriction and decrease in peripheral 
blood flow. 

The occurrence of marked vasoconstriction in the extremities 
Avith subjective and objective coldness, has been noted in almost all 
cases and is a classical feature. Beer, King, and Prinzmetal* 
reported decreased skin temperatures and oscillometric readings 
during an attack and de.scribed unusual vasomotor changes in the 
e.\'tremities. MacKeiizie and McEacherifl^ mention inability to 
palpate the pulse at the wrist during an attack, i\Iayo’^ noted 
obliteration of the capillaries of the nail beds during attacks. In 
no reported case, however, did the vasoconstriction assume the 
remarkable degree it did in our case, in which all peripheral pulses 
became impalpable and remained so for many hours. The marked 
fall in skin temperatures in the extremities was another evidence 
of the striking decrease in blood flow during the paro.xysm. These 
changes were associated with a subjective feeling of coldness and 
parcsthesiie and objectively by marked pallor and mottled cyanosis. 
The changes in the small vessels were also reflected in the fundus 
which presented a picture of comstriction and propulsive pulsation 
in the arteries during the attacks. 

The chain of events during a typical paroxysm terminating in 
a state of peripheral vascular collapse bears a striking resemblance 
to the phenomena which occur in animals receiving large doses of 
epinephrine intravenously. That massive doses of epinephrine can 
produce a fatal type of circulatory collapse is well known.' " ® In 
a recent study, Freeman, Freedman a'nd Miller® found that a con- 
tinuous intravenous infusion of epinephrine into dogs at the rate 
of 0.0034 to 0.0164 mg./kg./min. for a period of 1 to 1 hours resulted 
in a decrease in plasma volume and shock. When the epinephrine 
injection was started, the blood pressure rose rapidly to 2.50 to 
320 mm. Hg, and the rate of blood flow through the paAv decreased 
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to less than 1 cc. per 100 cc. of paw volume. The blood pressure 
then declined slowly, but was maintained throughout the period 
of injection at a level higher than normal, falling sharply when the 
epinephrine infusion was stopped. Usually within 10 minutes of 
the beginning of the infusion the mucous membranes of the mouth 
were seen to become pale and then cyanotie. At the end of 50 to 60 
minutes the signs of clinical shock were marked. The extremities 
and ears were cold and had a doughy feel. The pulse was thready 
and the flow of blood in the ear veins slow and the blood dark. 
The rectal temperature rose rapidly. The hemoglobin rose and the 
plasma volume decreased by about 30%. The authors interpret 
the shock as the result of the severe reduction in blood flow resulting 
in anoxia in the peripheral capillaries, with consequent increased 
capillary permeability and loss of fluid and protein into the sur- 
rounding tissues. Due to progressive loss of plasma volume the 
vasoconstriction is unable to maintain the blood pressure which 
declines slowly. “ The combination of loss of circulating fluids and 
peripheral vasoconstriction produce the clinical manifestations of 
shock. When the adrenalin is stopped and the blood-vessels allowed 
to relax, reflex vasoconstriction in response to the lowered pressure 
is insufficient to maintain adequate circulation to vital centers 
because of the fall in circulating blood volume.” This mechanism 
also undoubtedly comes into play in the shock which almost invari- 
ably follows the surgical removal of these tumors. The close 
resemblance between this syndrome produced e.xperimentally in 
dogs and the clinical picture presented by the patient cannot be 
overemphasized. 

In the management of these cases the importance of pre- and 
postoperative care must be emphasized again. Before operation 
every care should be taken to avoid the excitation of an attack, 
particularly by the emotional stimuli attendant upon the prepara- 
tions for operation. Biskind et aU have recently discussed the 
rationale and value of the use of both adrenal cortical hormones 
and epinephrine in the management of these cases. On removing 
such a tumor not only is there a sudden release from what had been 
probably a high level of circulating epinephrine, but also a decrease 
in cortical tissue which may produce a temporary adrenal cortical 
insufficiency. Furthermore, Parkins ct al.^^ have demonstrated that 
the circulatory collapse of epinephrine shock may be largely allevi- 
ated by the administration of adrenal cortical hormone. Our patient 
was primed with desoxycorticosterone and salt preoperatively and 
received cortin and epinephrine during and after the operation. 
Epinephrine in oil was used because of its prolonged action. 

The transient development of postural hypotension after the 
removal of the tumor is of interest as a possible manifestation of a 
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temporary decrease in the capacity for peripheral vasoconstriction 
on assuming the erect posture. This reaction is essential to the 
maintenance of normal blood pressure on changing posture. Al- 
though this maj'^ have been merely the aftermath of the operation 
and the resultant enforced bed-rest an additional factor may liave 
been a defective ability of the vessels to constrict in response to 
normal vasoconstricting stimuli after having been subjected so 
long to the intense vasoconstricting effect of epinephrine. 

Summary. 1. A pheochromocytoma in a 23-year-old woman is 
reported. Symptoms had been present for 2| years and were of 
increasing severity. 

2. Spontaneous attacks of unusual length and severity occurred, 
often ending in a state of peripheral vascular collapse, A comparison 
between these attacks and the phenomenon of “ epinephrine shock ” 
in dogs is made and the physiologic significance of these discussed. 

3. Attacks were precipitated by the most simple mechanisms for 
eliciting sympathetic discharges. The significance of these reactions 
is discussed. 

4, The tumor was localized by perirenal insufflation and suc- 
cessfully removed. The importance of preoperative and post- 
operative management is emphasized. 

5, Postoperatively the patient developed a transient postural 
hypotension and low sugar tolerance curve with hypoglycemia 
which are interpreted in light of the balance between the sympathico- 
adrenal and vago-insulin systems. 
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CLINICAL EXPERIENCE WITH RADIO-PHOSPHORUS IN THE 
TREATMENT OF CERTAIN BLOOD DYSCRASIAS*! 

By Thojlys Fitz-Hugh, Jr., A.M., M.D. 

AND 

Philip J. Hodes, M.D. 

PHILADELPHIA, PA. 

(From the Hematological Section of the Medical Clinic and the Deijartmcnt of 
Radiology, Hospital of the University of Pennsylvania) 

Through the courtesy of Dr. John H. Lawrence, of the Berkeley 
Cyclotron Laboratory of the University of California, we have, 
since March, 1941, been supplied with sufficient radio-phosphorus 
to treat a group which now comprises 38 patients classified as fol- 
lows: Polycythemia vera, 8; chronic myelogenous leukemia, 5; 
chronic lymphatic leukemia, 4; acute leukemia, 4; Hodgkin’s disease, 
5; lymphosarcoma, 6; multiple myeloma, 1; reticuloendotheliosis, I; 
reticulum cell sarcoma, 1; and metastatic carcinoma, 3. 

The achievements of Dr. E. O. LanTence and his co-workers* 
in the production of radio-active substances are well known. Suffice 
it to say here that radio-phosphorus, having an atomic weight of 
32 and therefore designated as P’y is produced by the bombardment 
of ordinary red phosphorus, whose atomic weight is 31, by very 
rapidlj' moving deuterons generated in the Cyclotron. The resulting 
material, converted into an aqueous solution of dibasic sodium 
phosphate, retains all the properties of ordinary phosphate, with 
the addition of radioactivity. An amount of material which emits 
3.7 X 10" beta-particles of radio-activity per second is said to con- 
tain 1 millicurie of beta-radiation. Because of many complex factors 
it is difficult and misleading to attempt to equate the millicurie 
with the “t” unit of familiar usage. Roughly, however, it may be 
said that a 50 kg. man who absorbs and distributes equally through- 
out the tissues a single millicurie dose of radio-phosphorus will 
have the equivalent of 0.7 “r” whole body irradiation in 24 hours. 
As P^% however, is handled by the animal organism like ordinary 
P’*, the distribution is never equal. It is quickly concentrated in 
l)one-marrow, liver, spleen, bones, and so forth. Furthermore, as 
in other radio-active elements, there is constant breakdown and 
decay. P^- has a half-life of only 14.3 days, in contrast to radium 
and thorium which have half-lives of hundreds of years. Thus with 
P^- there is no danger of cumulative radiation efi’ects. I'inally, 
nearly 50% of any given dose is normally e.xcreted during the first 
6 days and e.xcretion continues thereafter. Thus after 6 weeks no 

♦ Presented April 15, 1912, before the Post-Graduate Institute of the Philadelphia 
County Medical Society. . 

t As l)oth authors left Philadelphia on actii'e service before this report was received, 
it is published with slight changes for which they are not responsible. — Editob. 
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significant amount of radiation can be found in any tissue following 
a single administration of 

Dosage and Methods of Administratioji. The material, in solu- 
tion, may be administered orally or parenterally. Single oral doses 
have varied from 1 to 20 me. Single intravenous doses have ^^aried 
from 0.2 to 2 me. Less than 3 gm. of sodium phosphate have been 
administered orally in each dose; less than 1 gm. when given intra- 
venously. Oral administration is accomplished by mixing the 
required dose with equal parts of orange juice. The mixture is 
swallowed before breakfast (with all laxatives interdicted for 24 
hours before and after). 

Too much phosphate (i. e., too great a volume of low potency 
P^-) may produce diarrhea. This is wasteful and should be avoided. 
The material when administered by mouth is, in our experience, 
])leasant to take and free from untoward reactions. 

The solution used intra\'enously is the same as that gi\'en by 
mouth. It is sterilized and kept in a vaccine bottle. The first doses 
are usually small, 0.1 to 0.3 me. If well tolerated, larger quantities 
(1 to 3 me.) may be administered. 

The frequenej'^ of administration of radio-phosphorus follows no 
set rule. Some individuals receive the drug once each week, others 
3 or more times a week. Usually repeated small doses are preferable 
to the single large one. The total number of doses varies according 
to the hematologic and clinical status and response of the patient. 

No severe immediate reactions to radio-active-phosphorus solu- 
tion have been observed. One patient died within 24 hours of 
administration of the drug by mouth. We are reasonably certain 
that the drug did not cause the fatality. Two patients complained 
of symjjtoms which strongly suggested mild radiation sickness. In 
one, nausea developed 2 weeks after an intravenous injection. The 
second individual developed nausea within a few days. If the.se 
represent true radiation sickness, they must indicate a very markerl 
.sensitivity of the individuals concerned. 

Polyq/iheniia Vera. Of S patients Avith polycythemia vera 4 were 
markedly improved both clinically and hematologically ; 1 was 
unimproved, 1 only slightly improved and 2 haA'e just begun 
treatment. The remissions obtained have lasted as long as 6 months 
and inay last longer. Two patients have begun to show hematologic 
relapse after 6 and 7 months, respectively. Improvement may 
begin within 2 weeks of treatment but full hematologic eftect is 
rarely obtained until treatment for 2 or 3 months has been carried 
out. ^'liere have been no deaths in this group of patients. 

Chronic Mydogenom Leukemia. One of the 5 patients treated 
with radio-active-phosphorus olitained an excellent remission which 
lasted several months. A second patient, now being treated seems 
to be responding satisfactorily. Three patients in late stages of the 
disease were unimproved by the drug. One of tliese died before 



664 FITZ-HUGH, HODES: RADIO-PHOSPHORUS IN BLOOD DVSCRASIAS 

enough drug could be given, and a second has become radiation- 
fast due to considerable previous Roentgen therapy. 

Chronic Lymphatic Leukemia. Two of the 4 patients with 
chronic lymphatic leukemia obtained good remissions. Here again 
it is too soon to tell how long the improvement will last. One of 
the latter has remained in excellent condition for almost a year. 
One very ill patient died shortly after being given the drug by 
mouth (coincidental death, P^- not responsible) and 1 patient has 
only recently begun to receive radio-phosphorus. 

Acute Lymphatic Leukemia. None of the 4 patients with acute 
leukemia was benefited bj' radio-phosphorus. 

Hodgkin’s Disease. One of the 5 patients with Hodgkin’s disease 
was considerably improved for a few months following the drug. 
This was a patient who was becoming Roentgen therapy-fast after 
2 years of treatment. Four patients were not benefited by the 
drug. Of these, 3 had received previous Roentgen therapy. The 
fourth patient had a huge mediastinal mass that did not respond 
to P®- but did regress with sizable Roentgen e.xposures. 

Lymphosarcoma. Two of the 6 patients with lymphosarcoma 
had good remissions following radio-phosphorus therapy. One of 
these had become Roentgen therapy-fast and has now been clinically 
improved for 6 months. Two patients were benefited for several 
months, with regression of subcutaneous masses, following which 
both suffered relapses. One patient, in e.xtremis and anuric for days, 
improved and voided 7000 cc. following a single oral dose of 2.5 me. 
of radio-phosphorus. The significance of this obser\’ation is uncer- 
tain, as the patient died of his disease shortly thereafter. 

Mvltiple Myeloma. The I patient treated with radio-phosphorus 
was not benefited by the drug. 

Reticuloendotheliosis. The 1 patient treated with radio-phos- 
phorus improved remarkably. It is noteworthy that this patient 
had not responded satisfactorily to moderate Roentgen ray expos- 
ures. 

Reticidvm Cell Sarcoma. The 1 individual treated had previously 
received massive quantities of Roentgen rays and had become 
therapy-fast. He was not benefited by moderate doses of P^. 

Metastatic Carcinoma. Three patients, 2 with c.xtensive .gall- 
bladder carcinoma, and 1 with disseminated breast malignancy 
were not benefited by radio-phosphorus. The total amount of rlriig 
given these patients was probably not large enough to effect such 
radio-resistant neoplasms. 

Summary and Conclusions. Administration of P^- has proven to 
be at least equal in value to older methods of radiation therapy in 
certain of the malignant blood dyscrasias. 

In some re.spects it is superior: ease of administration, absence 
of marked radiation sickne.ss, more concentrated effect on bone- 
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marrow with perlmps more prolonged remission in chronic leukemia 
and in polycythemia vera. 

has in our experience been of no value in the acute leukemias. 

From the economic standpoint it is impossible to compare P'’- 
with ordinary Roentgen ray therapjL Such comparison will have 
to await the end of the war when more of these great cyclotrons 
may be constructed and more material may become available. At 
present the supply is inadequate and the newly discovered metal- 
lurgic uses of the cyclotron and its products are threatening to 
eliminate its use for clinical medicine altogether for the duration 
of tlie war. 

REFERENCES 

1. Enr, L. A., and Lawrence, J. H.: Ann. Int. Med., 16, 270-290, 1941, 

2. Erf, L. A., and Lawrence, J. H.: Ibid,, 487-543, 1941. 


THE INFLUENCE OF BLOOD TRANSFUSION AND INJECTIONS 
OF BURSA PASTORIS (SHEPHERD’S PURSE) EXTRACT ON 
THE CLOT RESISTANCE IN TWO HEMOPHILIACS 

By Alfred L. Copley, M.D.* 

AND 

Joseph J. Lalich, M.D. 

INSTRUCTOR IN MEDICINE AND BREON FELLOW IN EXPERIMENTAL .MEDICINE, 
UNIVERSITY OF KANSAS SCHOOL OF MEDICINE, 

KANSAS CITY, KANSAS 

(From the Hixon Lalioratory for Medical Research, University of Kansas) 


In a previous communication' we de.scribed a new phenomenon 
regarding hemostasis which we called “clot resistance.” Clot 
resistance was tested by applying a cuff pressure around the arm 
after bleeding had stopped from a finger-prick wound. This simple 
clinical procedure tests the ability of the clot, which has formed 
in the prick wound, to resist increases of pressure in the capillaries, 
arterioles and venules. We believe clot resistance is a measure of 
hemostasis, since one estimates both the solidity of the clot, and its 
ability to adhere to the skin wound. 

In 55 normal sulijects, 5 or more minutes following the ce.ssation 
of bleeding from the prick Avound a cuff' pressure of 100 mm. of 
mercury for 3 minutes did not cause a renewal of blood flow. This 
was interpreted to mean that the clot which had formed inside of 
the prick wound was capable of withstanding cuff pressures up to 
100 mm. Hg. In 2 cases of hemophilia, however, this pressure 
always dislodged the clot and renewed bleeding. Studies were done 
before and after blood transfusion and injections of Btirm Pasforis 


* .(ided ill part by a prant from the Dnzhm Foundation for Mcdic.al Rc.search. 
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extract in order to determine if such therapy i^'ould increase the eiot 
resistance in the 2 hemophiliacs. 

■ Methods. A constant temperature bath (37.5° C.) capable of lieatiii;; 
400 cc. of phj’-siologic saline was constructed. The finger tip was cleaned 
with alcohol, and immersed for 2 minutes into the bath. The heated phalanx 
was removed temporarily while a prick wound was inflicted with an auto- 
matic lancet (blade dimensions: 0.5 x 2 x 6 mm.), after which the finger 
was immediately immersed into the bath. The distal area of the finger tip 
should be used, since injurj' to the periosteum or the bone is least likely. 
Bleeding times were accurately measured this way with a stop watch.'" 
Cuff pressures of 40 to 100 mm. Hg were applied at various intervals 
after bleeding stopped. From 60 to 80 cc. of 2.5% sodium citrate solution 
were used with 500 cc. blood for transfusion. Doses of 3 cc. and 5 cc. of 
Bursa Pasloris extract* were given intramuscularlj^ or intravenously. In 
these studies clot resistance tests were done by appljdng for 3 minutes 
100 mm. Hg cuff pressure 5 and 15 minutes after bleeding had stopped. 
The systolic blood pressure should alwaj^s be above the applied cuff pres- 
sure.'® 


Table 1. — The Effect of Various Cuff Pressures on the Clot Re.sista.vce 

IN 2 Hemophiliacs 


Minutes after 

Case E. N. 
iMm. of Hg 

termination 

cuff pressure 

of bleeding 

• 

time test 

0 40 100 

1- 2 


2- G 

— 

6- 7 

. . 4- 

7- 8 

— 

8- 9 


9-10 

— 

10-14 

- . . -f- 

14-75 

— 

75-81 

... + 

81-84 

— 

84-SG 

— 


Minutes after 
termination 

Ca.se M. C. 
Mm. of Hg 
cuB pressure 


of bleeding 
time test 

0 40 60 80 

100 

1- 3 



3-15 

— 


15-30 

— 


30-33 


+ 

33-34 

— 


34-50 



50-62 

— 


62-72 

— 


72-75 

— 


75-78 


+ 

78-81 

— 



-f- bleeding; — no bleeding. 


Results. Table 1 demonstrates a decreased clot resistance and 
abnormal bleeding from a finger-prick wound in 2 hemophiliacs. 
Case E. N. (colored, 18 years) showed a renewal of blood flow four 
times within 14 minutes without cuff pressure. Application of 
100 mm. Hg cufl^ pressure 75 minutes after bleeding had stopped 
provoked a flow of blood from the prick wound. Lowering the cull 
pressure from 100 to 40 mm. Hg was followed by a cessation of the 
flow ivithin 30 seconds. In case M. C. (white, 24 years), no bleeding 
was observed without cuff pressure following the bleeding time test. 
Renewal of bleeding occurred three times following cuff pressures 
of 100 mm. Hg. Lowering the pressure to 40 mm. Hg caused the 
bleeding to stop within 7 to 20 seconds. In both cases pressures of 
100 mm. Hg were necessary to dislodge the clot, since pressures 
of 40 to SO mm. Hg did not renew bleeding. 


* Chatham Pharmaceuticals, Iiic., Ncuark, X. J. 
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Even though the bleeding time was normal and arrest of hemor- 
rhage occurred after the clot-resistance test, spontaneous bleeding 
took place in both cases subsequent to the bleeding tests after 
intervals of 1 and 3 days. Case E. N. developed bleeding from the 
prick wound on the second day and persisted to bleed for 2 days 
with hematoma formation. In case M. C., 3 days following the 
bleeding tests, a hematoma developed which involved the whole 
finger. On the 13th day the finger bled for 1 day from the prick 
wound. Nine months later the bleeding tests were repeated at 
which time 10 cc. of Bursa Pastoris extract were injected sub- 
cutaneously. No bleeding occurred afterwards. 

Table 2 indicates that the other tests which were done in both 
patients were symptomatic for hemophilia, and that the blood 
pressure was normal. 

Table 2.— Additional Data in the 2 Hemophilia Patients 


Tests 

Patient E. N. 

Patient M. C. 

Coagulation time (Howell) 

40 min. 

54 min. 

Prothrombin time (Quick>=) 

19 sec. 

20 sec. 

Bleeding time (Copley and Lalieh'.^) . 

182 see. 

108 sec. 

Platelet count (Copley and RoIilP) 

. . . 250,000 

420,000 

Syneresis (clot retraction) .... 

Positive 

Positive 

Thixotropy* (reclotting phenomenon) 

Positive 

Positive 

Blood pre.ssuro 

. . . 114/75 

120/80 


Table .S.— The Influence op Blood Thansfu-sion and Bubsa Pastoris Extract 
ON THE Ci.ot Resistance in 2 Hemophiliacs 
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Table 3 shows results on clot resistance, bleeding time and 
coagulation time which were done 6 months or more after the initial 
findings shown in Table 1. The coagulation time in duplicate tests 
maj^ vary from the same withdrawal. The shorter coagulation 
time was found, when the blood which entered the sjTinge first 
was mixed with tissue juice. Case E. N. was studied on 2 occasions; 
the first time while he suffered from a periapical abscess, and the 
second time when he complained of hemorrhages in the right arm. 
On the first occasion E. N. received two 500 cc. transfusions of 
citrated blood, and within the next 12 hours 6 cc. of Bttrsa Pastoris 
extract. No studies Avere done after the transfusions. HoAA'ever, 
15 hours folloAving the combined therapy of blood and Bursa Pastoris 
extract, the coagulation time Avas reduced to the normal range, and 
the clot resistance was increased. When this patient AA-as studied 
again 6 weeks later, the clot resistance was found to be decreased. 
Coagulation studies Avere not done prior to transfusion; hoAveA'er, 
18 hours folloAA'ing a 500 cc. transfusion, the coagulation time Avas 
still definitely prolonged and the clot resistance AA^as decreased. 
This patient then received 9 cc. of Biirsa Pastoris extract, and it 
AA^as found that the coagulation time was not affected, hut the clot 
resistance AA^as increased. Case M. C. AA^as studied when he entered 
the hospital complaining of hemorrhages in the right hip. Before 
transfusion, the coagulation time AA'as 30 and 50 minutes and the 
clot resistance aa'HS decreased. Taa'o tests were performed after the 
transfusion in interA^als of 1 and 16 hours. In each instance the clot 
resistance AA^as decreased, and the coagulation time was longer than 
it AA'as before the transfusion. Ten cc. of Bursa Pastoris extract AA’ere 
injected. The bleeding time, coagulation time and clot resistance 
tests AA'ere repeated on the next daj^ The Bursa Pastoris extract 
again e.xerted no apparent influence on the coagulation time. Hoaa- 
ever, the clot resistance in tAA'o successive tests AA'as increased. In 
the second test 15 minutes after bleeding had stopped a minimal 
output of blood occurred. Usually the output of blood during posi- 
tive tests AA'as great in this patient. 

Discussion. The results indicate that the firmness of the clot, 
or its ability to adhere to the AA'Ound, AA'as abnormal in both cases 
of hemophilia. The clot resistance AA'as found to be decreased on 
seA-eral different occasions in a period of time which lapsed OA'er 
6 months or more. The quality of the clot in hemophiliacs also 
e.xplains recurrence of bleeding from the same AA'ound AA'hich, although 
minor, continues to bleed until spontaneous arrest occurs, or per- 
sists until death ensues. The spontaneous recurrence of bleeding 
from the wound and into the finger suggests that moA'ement of the 
arm or slight trauma to the finger dislodged the clot and reneAA'cd 
bleeding. This phenomenon vras observed following the bleeding 
tests when nothing was given after the determinations. HoAA'e\'er, 
the phenomenon of spontaneous bleeding from the prick aa-ouiuI 
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never occurred when eitlier the Bursa Pastoris extract alone, or 
combined with blood transfusion was given. Further, the effect of 
Bursa Pastorh extract upon the clot resistance in hemophiliacs is 
evident from our results. Whether this effect on the clot resistance 
is due solely to the extract of Bursa Pastoris, or the combined action 
of citrated blood and the former remains to be determined. We feel 
that the clot resistance test may also be of value in other hemor- 
rhagic conditions. 

In one instance, we found a normal coagulation time following 
the administration of blood and Bursa Pastoris extract. On two 
other occasions, however, neither the blood transfusion nor the 
injection of Bursa Pastoris extract appreciably shortened the coagu- 
lation time, whereas the clot resistance was increased. It has been 
shown by Johnson® that transfusions of 500 cc. of citrated blood 
will .shorten the coagulation time within 30 minutes and that this 
effect may persist for 68 hours. We did not find this result from 
citrated blood in the two instances which we studied. In case E. N. 
tliere seemed to lie no appreciable decrease of coagulation time; 
whereas in case M. C. a prolongation occurred 2 and 16 hours 
following the transfusion. This indicates that a sliortening of the 
coagulation time following transfusions of 500 cc. of citrated blood 
may not necessarily occur. This is also true following the injections 
of 9 to 10 cc. of Bursa Pastoris extract. 

Steinberg and Brown’'* who first made e.xtracts from Bursa Pas- 
toris and various other plants stated that the active hemostatic 
agent of the plant extracts was o.xalic acid and that dicarboxylic 
acids when injected sliorten the coagulation time. However, it will 
have to be established if tiie hemostatic action of Bursa Pastoris 
extract is due solely to dicarboxylic acids. It might well be that the 
hemostatic action of the plant extract is due to a phytothrombin,® 
a plant thrombin which is known to exist in papain® ® and which 
may be present in Bursa Pastoris. Previous to this study one of 
us (A. L. C.) searched the literature concerning Capsclla bursa- 
pastoris Medic. Crucifcrx (Shepherd’s Purse, Mother’s Heart) and 
found that it is a plant which was well known and used as a liemo- 
.static agent locally and internally several centuries ago.‘ “ Shep- 
herd’s Purse is one of the commonest weeds throughout North 
America and was introduced from Europe.’® It was comsumcd in 
this country® and in China’® as a vegetable. Tlierefore it cannot be 
very toxic. In view of tliis, the present findings with Bursa Boston's 
e.xtraet and the use of Shepherd’s Purse in former times as an 
internal hemostatic, it is jmssible that this plant or its extracts 
when taken orally may exert a hemostatic effect. 

Summary. 1. A decreased clot resistance and abnormal bleeding 
from the finger wound was found in 2 hemophiliacs on several 
occasions over a period of 6 or more months. 
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2. The bleeding time which was measured previous to the clot 
resistance test was always within normal limits. 

3. Injections of e-xtract of Bitrsa Pasiom following blood trans- 
fusion increased the clot resistance in both hemophiliacs. 

4. The coagulation time was found shortened on one occasion 
with the combined treatment of transfused blood and injected 
B 2 /rsa Pastors extract, liowever in Uvo other trials it was not 
affected significantly. 

5. Apparently, no direct relationship exists between the coagula- 
tion time and the clot resistance. 

6. The hemostatic effect of the plant Bursa Pastoris is discussed. 

"We wish to thank Dr. R. H. Major who made the hospitalization of both patients 
possible, Dr. M. Allen who in the course of this study suggested that we determine 
the effect of the plant extract upon the coagulation time, and both patients for their 
cooperation. 

REFERENCES 

1. CoPi.EY, .A. L., and Lalich, J. J.; J. Clin. Invest., 21, 145, 1942. 

2. CopnEY, A. L., and Lalich, J. J.: .Am. J. Physiol., 133, 246, 1941. 

3. Copley’, .A. L„ and Robb, T. P.; Am. J. Physiol., 133, 248, 1941; Am. .1. 
Clin. Path, (in press). 

4. Copley, A. L.: Science, 94, 543, 1941. 

5. Dyokerhofp, H., and Gioante, D.; Biochem. Ztschr., 304, 334, 1940. 

0. Eagle, H., and Harris, T. N.: J. Gen. Physiol., 20, 543, 1937. 

7. Gbrarde, j.; The Herball of Generali Historie of Plantes, London, A. G. ,/. 
Norton and R. IVhitakers, p. 275, 1633. 

S. JoHXSo.v, C. P. : Useful Pis. Gt. Brit., 49, 1862, cited in Sturtevant’s Notes on 
Edible Plants.'* 

9. Johnson’, J. B.: J. Am. Med. Assn., 118, 799, 1942. 

10. Lalich, J. J., and Copley, A. L.: To be published. 

11. Pechey, j.: The Complete Herbal of Physical Plants, London, R. and F. 
Bonwicke, p. 215, 1707. 

12. Quick, A. J.: J. Am. Med. Assn., 110, 1658,1938. 

13. Smith, F. P.; Contrib. Mat. Med. China, 196, 1871, cited in SturtevanI’s 
Notes on Edible Plants.'* 

14. Steinberg, .A., and Brown, W. R.: Am. J. Physiol., 126, 638, 1939. 

15. Sturtevant's Notes on Edible Plants, Report of the New York .Agricultur:il 
Station, .Albany, N. J. B. Lj'ons Company, 2, 1.34, 1919. 


THE SPINAL FLUID IN TUBERCULOUS MENINGITIS 
By Eugene F. Tract, I\I.D. 

CHICAGO, ILL. 

The spinal fluid in tuberculous meningitis is characteristically 
supposed to be clear, to be under increased pressure, to have a high 
cell count with lymphocytes predominating,® to show decreased 
sugar and chlorides, usually to contain increased globulin as deter- 
mined by Pandy’s or Noguchi’s test, constantly to contain tubercle 
bacilli and an increased amount of protein and to give a Lange curve 
of approximately 0003334444. 

According to Levinson,^ different kinds of protein in the spinal 
fluid distinguish tuberculous from “suppurative” meningitis. lie 
has advocated a chemical te.st to differentiate meningitis due to the 
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in guinea pigs. In 3 instances a positive guinea pig inoculation was 
the only proof. In 1 patient tubercle bacilli were found only on 
guinea pig inoculation. This patient later showed tuberculous 
rneningitis at autopsy. In all, autopsies were obtained in 76 in- 
stances. The records of 111 patients were obtained from the Cook 
County Hospital and the Presbyterian Hospital of Chicago. Two 
patients were in the West Suburban Hospital. These hospitals 
are general hospitals. 

Analysis of Data. All of the patients died. In age they ranged 
from 6 weeks to 58 years. Patients aged 10 years or less were more 
than three times as numerous (58% of total number) as those over 
30 years (18% of total number). There were 33% more males 
than females. 

In 12 of the patients the fluid was cloudy and contained over 
312 cells. In 4 of these cloudy spinal fluids the predominating cells 
were neutrophils. In 4 cloudy fluids the character of the cells was 
not studied. 

Cells in the spinal fluid varied from 30 to 3000, 210 being the 
average number of cells in the spinal fluid. In 14 patients there were 
more than 100 cells in the spinal fluid. In 12 cases one-half or more 
of the cells were neutrophils. In 7 patients only neutrophils were 
seen in the spinal fluid. The course of the patients with neutrophilic 
pleocytosis did not differ in duration or severity from that of patients 
with the more usual preponderance of lymphocytes in the spinal 
fluid. The patients with spinal fluid cells predominantly neutro- 
philic were as frequently adults as infants. 

The Pandy test was reported as positive in 112 of the 113 patients. 

Total protein of the spinal fluid measured 20 to 712 mg. per 
100 cc. It tended to parallel the degree of pleocytosis. 

Two-thirds of the patients showed leukocyte counts in the periph- 
eral blood of less than 10,000. Of tlie 65 instances with a differen- 
tial count, 57 showed a predominance of neutrophils in the peripheral 
blood. This contrasts with Merritt and Fremont-Smith’s’ finding of 
a relative neutrophilia in only 16 cases of 141 studied. 

In 5 of 16 patients Levinson’s test gave incorrect results; denoting 
suppurative meningitis rather than the demonstrated tuberculous 
meningitis. In these cases the spinal fluid was clear to opalescent 
and there was no secondary infection. 

Tubercle bacilli were found in 35 of the 81 patients whose spinal 
fluid was e.xamined bacteriologically. Consequently in only 40% 
was this finding of value in bedside diagnosis. 

Spinal fluid sugar was below 45 mg. per 100 cc. in the 25 patients 
with quantitative estimates. 

The I\Iantou.x test was negative in a boy of 13 years, a patient 
with tuberculous meningitis verified b.^- autopsix 

Case Reports. Case 1. IMrs. G., 28 years old, entered West Siiburhan 
Hospital in delirium under care of Dr. jil. P. Palmer. She had vomited 
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and liad headache for 2 dEj’^s. Tuberculous ljunph glands had been re- 
moved from her neck 2 montlis before. Roentgen rays of her chest were 
reported as negative. 

Essential Findings. Temperature 103°, pulse 120 and respirations 30. 
Patient was thin but had good color. Irrational. Bilateral papilledema. 
No choroidal tubercles. Left eye lags on looking upward, othenvise no 
involvement of cranial nerves. Tuberculous laryngitis without hoarsene.ss. 
Neck was stiff. Cervical Ijraph glands enlarged. Heart and lungs nega- 
tive. Abdomen negative. Choreiform movements of right ann. Re- 
flexes: those of the right arm le.ss than on left, abdominal absent, right 
knee jerk sluggish, plantar normal. Blood leukocytes were 7200 per c.mm. 
Spinal fluid: cloudy, pressure 240 mm., total protein 8.50 mg., sugar 
27 mg., 456 cells, 90% ---.’y"-.— Ross-Jones positive. Wasser- 
mann te.st negative; Lar g > • ' ■ bacteria seen. Many cultures 

on various mediums yielded no growth. A guinea pig inoculated with the 
spinal fluid showed tuberculosis at autopsy. 

The temperature climbed each afternoon to reach 106° on the sixth day 
of her illness, the day of her death. 

Essential postmortem findings (Dr. E. Piette): chronic tuberculous 
larjmgitis, recent miliarj'- tuberculosis of both lungs, fibrous adhesive pleuri- 
tis, basilar meningitis, tuberculous in type. 

Case 2. Mr. L., 28 years of age, entered the West Suburban Hospital 
in the care of Dr. K. M, Andenson. Three months ago while working long 
hours he had developed a severe “flu.” Frequenej'’ and urgency followed. 
Pyuria was discovered. Three weeks ago he developed a progressively 
severe headache. Vomiting started 3 days ago. 

He was muscular and well nourished. Temperature was 101°, pulse 
was 60 and respirations were 20. The pupils were equal and reacted nor- 
mally. Papilledema Avas bilateral. No cervical adenopathy. The neck 
was stiff. Lungs were clear. Liver was just palpable. Spleen was not 
felt. External genitalia normal. Nodule felt in left lobe of pro.state. 
Kernig’s sign Avas positive. All deep reflexes reduced. Plantars normal. 

The urine contained some pus. Blood leukocytes Avere 14,550; 88% 
neutrophils. The blood contained .53.5 mg. of urea, 4 mg. uric acid and 
1.7 mg. of creatinine. Spinal fluid on admission: cloudy, under increa.sed 
l)ressure, 785 cells, 80% neutrojflnls, Wassermann test negative, Pandy 
positiA^e, man}’- tubercle bacilli .seen. Tubercle bacilli Avere also found in 
subsequent samples of spinal fluid. Repeated cultures of the spinal fluid 
yielded no other bacteria. 

Roentgen ray shoAved miliary tuberculosis of the lungs. 

Death occurred in the fifth Aveek of his acute illness. 


T.abi.b 1.— Spjn.ai. Fi,uii> i.v 113 C.asks of TuBEUcri.ocs Menixuitis 


.‘Vgc limits of patients 
Number under 10 years . 

Number over 30 years 

Number Avith turbid or cloudy fluid 

Limits of coll count 

Polys making 50% or more cells 

Polys only in . . .... 

-Average number of cells 

Number of cases with cells under 100 

Limits of total protein .... 

Pandy positiA’C in 

Leukocytes in blood below 10.000 , 
Levinson tost 


0 weeks to 58 years 
. . 00 (58%) 

. . 20 (lcS%) 

. . 12 ( 10 %) 

. . 30 to 3,000 

. . 12 (10%) 

7 ( 0 %) 

. . 210 

14 (10%) 

. . 20 to 712 mg. 

112 of 113 tested (99%) 
30 of 50 cases counted 
NegatiA'c 5 times in 10 case.*: 
so e.vamincd (31% error) 
35 of SI cases so c.tamined 


( 40 %) 


Tubercle bacilli found in 
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Summary. In tuberculous meningitis the spinal fluid may present 
all the gross and microscopic characteristics of "purulent” men- 
ingitis. 

In lid proved cases of this condition, the spinal fluid was cloudy 
in 10% and neutrophils constituted more than 50% of the cells in 
10% of the cases. 
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GASTRIC LAVAGE IN THE CONTROL OF TREATMENT OF 
PULMONARY TUBERCULOSIS'*' 

By Joseph J. Furlong, M.D., F.A.C.P. 

AND 

Mary K. Warren, M.T. 

siilw.aukee, wis. 

(From the Department of Medicine, Marquette University, and Muirdalc 

Sanatorium) 

Although the presence of tubercle bacilli in the gastric contents 
was described in 1898,“ gastric lavage as a diagnostic measure did 
not come into general use until the method was popularized by 
Armand-Delille only 15 years ago.“- It was originally introduced 
as a method whereby positive hacteriologic evidence of tuberculosis 
could be secured in the case of children who seldom raise sputum, 
hut it was quickly recognized that the method was equally applicable 
to adults who did not expectorate.* '* * ’ ''* This represented a dis- 
tinct advance, since it made a definite diagnosis possible in many 
previously doubtful cases. 

♦ Read Iieforc a combined meeting of the Mieliigan and Wisconsin Tnideaii 
Societies, June 12, 1942. 
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The reliability of gastric lavage as a diagnostic measure has been 
questioned on many grounds. Among these should be mentioned 
the possible presence of non-pathogenic acid-fast bacilli in the 
stomach contents, the possibility of contamination, and the relative 
value of direct smears, cultures and guinea-pig inoculations. In 
regard to the first question, Roper and Ordway,^^ reporting a series 
of 1000 patients, found 2 with positive gastric lavages in whom 
they could demonstrate no evidence of pulmonary or visceral tuber- 
culosis. In our series of 180 adults with positive lavages, in 1 case 
we were unable to demonstrate any lesion, despite numerous roent- 
genograms, bronchoscopy and nasopharyngoscopy to rule out the 
nasopharyngeal ulcerations described by Trenis.*' Subsequent 
lavages in this individual were negative. It must be recognized 
that when a proper technique is followed,® the incidence of false 
positives is negligible. A previous study made by one of the authors'® 
has demonstrated the reliability of gastric lavage culture, and at 
the present time this method is used almost exclusively, although 
during the period covered by this report, culture and guinea-pig 
inoculations were done simultaneously on all specimens. 

The question of the contagiousness of patients with a positive 
gastric lavage is frequently discussed. Ulmar and Ornstein'® 
demonstrated that, in the absence of cough, bronchial secretions 
are brought to the pharynx by a mechanism of bronchial peristalsis, 
and are then swallowed. If these bronchial secretions contain 
tubercle bacilli, the gastric lavage will yield positive results. The 
immediate significance of a positive lavage, therefore, does not differ 
from that of a positive sputum, and implies the existence of an open 
tuberculosis in communication with the bronchial system. Since 
the bronchial secretions of these patients contain tuliercle bacilli, 
they are at least potentially infectious, and become actually so 
during periods of upper re.spiratory infections, with coughing or 
sneezing. 

The objection is frequently made tliat gastric lavage is too sensi- 
tive a test for widespread clinical application. It has been claimed 
that the lavage will remain positive long after the lesions have be- 
come clinically inactive, or tliat it is unreasonable to insist on com- 
plete bacteriologic negativity, as manifested by repeatedly negative 
gastric lavage cultures, in patients who have had far-advanced 
disease with extensive cavitation.'® It has even been sugge.sted 
that the lavage may be intermittently positive in such cases, even 
after effective collapse measures have been established. Since 
Stiehm'® has shown that the jiercentage of positive lavages will 
increase the more frequently they are repeated, some observers 
apparently feel that, if they arc done sufficiently often, even healed 
lesions might yield ])ositive results. The purpose of this investiga- 
tion is to determine the relationship between the stage of the 
<lisease, the institution of collapse therapy and the results of gastric 
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lavage. In our series, gastric lavages were done on each of 2 con- 
secutive days. Each specimen was separately cultured and inocu- 
lated into a guinea-pig, and a negative report was given only when 
both specimens were negative to all tests. 

Following collapse therapy, cough and expectoration are fre- 
quently abolished. It would logically follow that, if the efficacy of 
collapse therapy is to be judged by its ability to remove tubercle 
bacilli from the bronchial secretion, examination of the sputum 
would be particularly inadequate in this group of patients. Because 
of inability to cough, these patients either raise no sputum at all, 
or the material which they do raise comes only from the upper air 
passages. Examination of such material, with a report of a negative 
sputum, tends to give the physician a wholly unwarranted confi- 
dence in the clinical status of the patient. In this group, therefore, 
gastric lavage would be of particular value in determining the 
efficiency of the collapse. However, there are only a few scattered 
references® to the use of lavage for the control of collapse 
therapy. 

To determine how long the lavage will remain positive after col- 
lapse has been established, the use of periodic gastric lavages as a 
routine measure in checking the clinical status of patients was intro- 
duced at Muirdale Sanatorium in March, 19.39. During the 2 year 
period covered by this report, 491 adult patients were given a total 
of 1414 lavages at various stages during their treatment. Of this 
number, 180 patients (37%), at some time were found positive on 
lavage. These 180 positive lavages comprise the material on which 
this report is based. 

Table 1. — Distribution of Positive Gastric Lavaoes 
Muirdale Sanatorium, March, 1939, to March, 1941 


Group 

ClassiScation 

Nnmticr 

Total 

0 

No clinical evidence 

1 

1 

I 

Positive sputum and lavage 

49 

49 

II 

•Sputum converted, lavage positive: 




(a) Lavage converted 

37 



(h) Lavage still positive 

2S 

05 

III 

Sputum negative, lavage positive: 




(a) Lavage converted 

20 



(6) Lavage still positive 

12 



(c) Not repeated 

21 

63 

IV 

•Sputum positive after lavage 

12 

12 



Total 

180 


To determine the clinical significance of the positive gastric 
lavages in these 180 patients, the results were divided into four main 
classifications (Table 1). In 1 case, as previously mentioned, no 
confirmatory evidence of tuberculosis was found. Group I consists 
of 49 cases in whom the positive lavages coincided with a po.sitivc 
sputum. In this group the sputum was insually negative on direct 
smear and concentrate. Lavages were done immediately, without 
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awaiting the results of sputum culture, which later pro\-ed to be 
positive. Although under these circumstances the lavage was 
merely confirmatory of the results of sputum examination, in many 
instances the bacilli were found in the lavage on smear, thus saving 
much time in establishing the diagnosis. 

Group II consists of 65 patients who originally had positive sputa, 
but in whom the sputum subsequently became negative or absent. 
Despite the failure to find tubercle bacilli in the sputum, all were 
positive on gastric lavage. This group is of particular interest 
because it enables us to determine Iiow long the gastric lavage can 
be expected to remain positive after the sputum has been converted. 
To determine this it was necessary to subdivide the group into: 
(a) those who became negative on lavage (.37 patients), and (6) those 
in whom the last lavage was positive (28 patients). In Table 2 
is shoAvn the duration of positive lavages in this group. From the 
talile it can be seen that, while in a few cases the lavage culture 
will be negative in less than 6 months, in the majority of cases from 
12 to 18 months is required. In 1 case, with a bronchopleural 
fistula and tuberculous empyema, the lavage is still positive 5 years 
after the sputum became negative. Of the 37 patients whose 
lavages were converted while under observation, 62% were nega- 
tive IS months after sputum conversion, and 90% were negative 
within 2 years. This is an important consideration when the use of 
lavage for the control of collapse therapy is discussed, since, if 
negative lavage cultures are required before patients are discharged 
or permitted to take ambulatory pneumothorax, the period of 
sanatorium residence will be considerably prolonged. 


— Duhation 

or Po.siTivE Lavage After Sputum Conversion’ 


Lavage converted 

Lavage positive 

Months 

after 

after 

0- 3 . . 

.... 0 

0 

3- 0 . . 

. ... 3 

2 

0- 9 . . 

.... 3 

8 

9-12 , . 

.... 8 (40%) 

S 

12-lS . 

.... 9 (02%) 

3 

18-24 . . 

.... 9 (90%) 

3 

24- 

. . . . 5 

4 


37 

2S 


Group III consists of 53 patients who never were positive on 
sputum examination, but in whom tubercle bacilli were discovered 
on lavage. In this group the lavage furnished the only positive 
bacteriologic evidence of tuberculosis. In 21 of these cases, the 
lavage was not repeated because the patients refused further lavage, 
left the institution or died. The remaining 32 cases were again 
subdivided, as in Group II, into: (a) those in whom the lavage was 
converted (20 patients), and (5) those in whom the lavages are still 
positive (12 patients). From Table 3 it can be seen that, in the 
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group Avith negative lavages, 75% were negative within 12 months 
and 95% within 18 months, as compared with 40% and 62% in 
Group II. As a rule, therefore, patients who have never had a 
positive sputum will completely heal their tuberculosis in an average 
of 6 months less than those who have been sputum-positive. This 
is to be expected, since it is merely a reflection of the fact that the 
gastric laA'age will become positiAm earlier than the sputum, and thus 
permits diagnosis in a less advanced stage. 


Table 3. — Duration of Positeve Gastric Lavage 


Months 


Lavage converted 
after 


Lavage positive 
after 


0-3 1 

3-6 G 

0-9 4 

9-12 4 

12-18 4 

18-24 0 

24- 1 


2 

0 

2 

1 

3 

2 

o 


20 


12 


This is AA'ell illustrated by the results in Group IV, 12 patients 
originally positiim on laimge alone in Avhom the sputum sub.se- 
quently became positive. This is an unfaAwable sequence of events, 
indicating progression of the disease. Of the 12 patients in this 
group, .3 are dead and 4 liaA’e shoAAm marked extension of their 
lesions. 

In discussing the relationship of gastric lavage to collapse therapy, 
it Avas pointed out that, Avhile negative gastric lavages prior to dis- 
charge Avere theoreticallj’ desirable, the prolongation of sanatorium 
care might be economically impractical, and the improvement in 
results might not AAmrrant the additional expense. To obtain evi- 
dence on this point, a detailed study AA'as made of the 57 cases in 
Groups II and III, Avho cA'entually became negative on lavage, to 
determine the exact relationship between the institution of an 
apparently effectiA'-e collapse and laAmge negativity. It Avas felt 
that in many instances the persistence of a positive gastric lavage 
might mean not so much a delay in healing time, as the necessity 
for supplementary measures, such as pneumonolysis, to render the 
collapse effectiAm. 

Of the 57 cases (Table 4), 7 Avere not given any form of collapse 
therapy. Of the remaining 50, 14 receiA'ed phrenic paralyses, 
24 AA'ere giA'en pneumothorax, and 12 AA'ere subjected to major 
surgery, including thoracoplasty, e.xtrapleural pneumothorax aiul 
paraffin pneumonolysis. In the entire group there were 16 minimal, 
15 moderately adA-anced and 26 far advanced cases.- 

Of the 14 cases treated by phrenic nerve paralysis, 11 Avere mini- 
mal and 3 moderately adA'anced. The interval between the phrenic 
nerve interruption and negati\'e gastric cultures varied from 2 to 
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25 months (Table 5), averaging 8 months for the entire group. In 
11 of the 14 cases, negative lavages were obtained in less than 
i) months. Of the remaining 3, 1 had not been lavaged for the 
preceding 7 months, and the other 2, both minimal cases with fibroid 
apical lesions remained positive for 25 months. If these 2 are 
excluded, the average for the entire group is onlj" 0 months. 


Tabi.k 4.— Classification and Tbeatment in Convekted Lavaoeb 
(Groups II and III (a), 57 Cases) 


'J'reulimjiit 

Minimal 

Moilcratc 

I’ur 

Total 

Avera^r 

iiiten'al 

Routine 

3 

3 

1 

7 

1 

Phrenic 

. 11 

3 


14 

6 mos,’ 

Piioumo. 

1 

9 

14 

24 

10 mos.= 

Surgical 

1 


11 

12 

9 mos. 

Excluding 2 cases, 

IG 16 

each 25 months. 

26 

57 



“ Excluding 4 cases, 27, 29, 37, 45 months. 


Table 5. —Interval Between Effective Collapse and Neoative Lavages 

(50 Cases) 


Months 
0- G 
0-12 
12-lS 
18-24 
24- 

Tolal 


Phrenic 

Pnetimo. 

Surgery 

Total 

% 

7 

8 

5 

20 


4 (80%) 

0 (60%) 

3 (66%) 

13 

66 

1 

2 

3 

6 

SO 


4 (90%) 

1 

5 

86 

2 

4 


6 


14 

24 

12 

50 



The pneumothorax group consisted of 1 minimal, 9 moderately 
and 14 far-advanced cases. Many of these had bilateral lesions, 
which in some instances, made evaluation of the effectiveness of 
unilateral collapse difficult. When supplementary measures, such 
as pneumonolysis, were necessary to convert an ineffective pneumo- 
thorax into an effective collapse, the interval between the establish- 
ment of effective collapse and lavage negativity was determined, and 
was found to range from 1 month to 45 months. Of tliis group, 
(50% were negative in less than 1 year, and 90%, or all but 4, were 
negative within 2 years. In every one of these 4, far-advanced 
bilateral disease was present. If these 4 are eliminated, the aver- 
age interval for the remainder of the group was 10 months. 

With the exception of 1 minimal case, in which a paraffin pneumo- 
nolysis was done, all of the patients submitted to major surgery had 
far-advanced disease. Despite this fact, the interval from comple- 
tion of the surgery to negative lavage cultures ranged from 1 to 
22 months, averaging 9 months. This interval, which is le.ss than 
that for patients treated by jincumothorax, shows the great effec- 
tiveness of surgical collapse of advanced disease, and is in .sharp 
ojjposition to the prevalent opinion that, in such ca.ses, a requirement 
of negative lavage cultures prior to discharge is unreasonably strict. 
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Table 5 summarizes the results in the entire group of 50 patients 
treated by collapse therapy in Avhom the gastric lavage vas con- 
verted; 66% Avere negatiA^e in 1 year, 80% in 18 months and 86% 
Avithin 2 years (in a group of patients consisting of 26% minimal, 
24% moderately advanced, and 50% far-adAmnced cases). These 
results indicate that the gastric lavage tends to remain positive 
until adequate collapse has been established, and thereafter becomes 
negative Asdien sufficient time has elapsed to alloAv complete healing. 
Far from being too sensitive, it is the nost reliable laboratory evi- 
dence A\m have of the clinical status of the individual patient. It is 
more reliable than the sputum examination, and particularly in the 
group treated by collapse therapy, is an indispensable measure in 
evaluating the results. 

Summary. 1 . In a group of 491 adult patients Avith tuberculosis, 
a total of 1414 gastric lavages A\'as done. Of this number, 180 
patients (37 %) Avere positive on at least one examination. 

2. An analysis of these 180 patients A\’ith positive gastric lavages 
is presented. 

3. The duration of a positive laAmge after the sputum has become 
negative Avas determined in 57 cases. In 90% of this group, the 
lavage cultures and guinea-pig inoculations Avere negative in less 
than 2 years, and averaged 11 months for the entire group. 

4. In a group of 50 patients treated by collapse therapy, 86% 
Avere negative to gastric lavage culture and guinea-pig inoculation 
in less than 2 years, Avith an aA'erage interval of 8.5 months. 
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SUCCESSFUL REMOVAL OF HEMANGIOMA OF THE LUNG 

FOLLOWED BY THE DISAPPEARANCE OF POLYCYTHEMIA 

By John Hepburn, M.B, 

AND 

James A. Dauphinee, M.D. 

TOnONTO, CANADA 

(From the Department of Medicine, University of Toronto, and Medical Service, 

Toronto General Hospital) 

The rarity of hemangioma of the lung may be judged from tlie 
fact that no previous case has been encountered by the pathologic 
department of this hospital. It is not surprising, therefore, that a 
search of the literature has yielded very few reports describing the 
occurrence of such a lesion. This has led us to report the following 
case in which the diagnosis was made on the basis of clinical and 
laboratory findings and which is, so far as we are aware, the first 
reported case in which a cure was brought about by pneumonectomy. 

Cavernous hemangioma of the lung is not mentioned in Henke 
and Lubarsch's Handbook of Pathology.*^ This work, however, 
does refer to a case described by de Lange and de Vries-Roliles- 
(1923) of an infant aged 2^ months, whose lungs, at autopsy, were 
seen to contain 2 small tumors, which microscopically were shown 
to be capillary hemangiomas. Wollstein® in 1931 reported a malig- 
nant hemangioma of the lung which was found at autopsy in a 
child aged 4 months, and Hall,® in 1935, also described a malignant 
pulmonary hemangioma in a woman aged 40. In both the.se 
malignant cases there was a distinct anemia and an appreciable 
lowering of the red blood count. Bowers, ‘ in 1936, reported the 
death of a new-born child, caused by hemorrhage from a ruptured 
pulmonary hemangioma. In 1939, Duvoir ei cil.^ related the case 
of a child who, from 1932, had been subject to paro.xysms of dyspnea 
and who had congenital lues. Roentgen ray films of the chest showed 
an opacity which was thought to l)e caused by a lipoma. Pathologic- 
examination of the remoN'ed tumor, however, showed the mass in 
the lung to be a hemangioma. The child died of pneumonia 5 years 
later and autopsy revealed many lipomata, visceral angiomata and 
1 lijwangioma. Cyanosis and clubbing of the fingers were not 
mentioned and no blood examination was recorded. 

Rodes," in 1938, described a case of hemangioma in which there 
was a polycythemia and stated that he could find no previous 
record of polycythemia arising from such a cause. This patient 
laid l)een cyanosed and dyspneic for as long as he could remember. 
Clulibing of the fingers was noted when he was 15, and clubl)ing 
of the toes appeared 8 years later. In 1935, when he was 25, the 
cyanosis and dyspnea were more marked and hemangiomata 
appeared on his lips. His heart was normal in .size and .shape and 
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showed no evidence of congenital defects; the spleen was not pal- 
pable. The hemoglobin varied from 108 to 118%, and the red blood 
cell count was 7.2 to 7.5 million cells per cmm. In May, 19.36, he 
had a sudden hemoptysis and died 6 days later from repeated 
bleeding from the lung. Autopsy showed *2 hemangiomata in the 
right and 1 in the left lung. 

In November, 1939, Smith and Horton® reported the case of a 
man, aged 47, with polycythemia associated with an arteriovenous 
fistula in the lung. This patient had been a “blue” baby, and 
cyanosis and clubbing of the fingers had been noted by an Army 
physician when he was 23 and were observed again 17 years later 
at the hlajm Clinic. The spleen was not palpable and the patient 
showed no evidence of congenital heart disease. His hemoglobin 
was 20.6 gm. per 100 cc.; the red blood count varied from 5,440,000 
to 6,220,000 per cmm.; the total blood volume was increased 
(figures not given). At that time the patient was thought to have 
atypical polj'cythemia rubra vera and was treated Ijy phenyl- 
hydrazine and venesection. In 1938, after many venesections and 
having taken a considerable amount of phenylhydrazine, his con- 
dition was relatively unchanged. The cjmnosis and clubbing were 
still marked. The blood findings— red blood count 6,470,000, 
hemoglobin 23.7 gm. per 100 cc., and blood volume 121 cc. per kg.— 
were even more characteristic of polycythemia vera. At this 
time, however, a continuous bruit was heard in the region of the 
base of the right lung. Roentgen ray examination of the chest 
showed some infiltration of the lung in this area, whicli at first was 
thought to be bronchiectatic. However, Roentgen ray films after 
the injection of a radiopaque medium into the basilic vein showed 
two dilated vessels arising in the right hilum and communicating 
in the parenchyma of the right lung where the bruit was hearrl. 
The final diagnosis was arteriovenous fistula of the right lung. 

Case Report. Mrs. J. S., aged 23, was admitted to this hospital for 
the second time in January, 1940, complaining of an attack of dizzine.ss, 
faintness and thick speech. The patient had never been robust and, in 
1932, at the age of 15, had been put to bed with the diagnosis of “a leaking 
valve.” Clubbing of the fingers was first noted at that time. Following 
this she became aware of shortness of breath on climbing one flight of 
stairs. In 1937, on the occasion of a pelvic operation, her hemoglobin was 
found to be 91 % (14.2 gm, %) and the red blood count 6.3 million per cmm. 
In 1938, because of chest sjuRptoms, she was sent to the Muskoka Hospital 
for Tuberculosis where clubbing of her fingers was again noticed and, iii 
addition, cj'anosis was observed. The hemoglobin at that time was reported 
to be onh' 78% (12.2 gm. %). Roentgen ra}" examination of the lungs 
revealed an infiltrating process in the right middle and lower lobes whicli 
was shown by lipiodol injection not to be bronchiectatic. The patient was 
transferred to this hospital in Maj', 1938, with the following statement 
from Dr. C. B. Ross of the Muskoka Hospital; “The lung condition is 
either a fibrosis giwng a rather unusual clinical picture or something m 
the nature of a vascular endothelioma.” On this, her first admission to 
this hospital, slight generalized cyanosis, clubbing of the fingers, and some 
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suppression of the breath sounds medial to the vertebral border of the right 
scapula were noted. Her heart was not enlarged and presented no mur- 
murs. The spleen was not palpable. The hemoglobin was 95% (14.8 
gm. %); the red blood count 4.7 million per cmm. The patient did not 
wish to submit to bronchoscopic examination and so left hospital without 
further investigation, the provisional diagnosis being pulmonarj’- fibrosis. 

During the next 18 months she became more dj\spneic, more cyanosed 
and more easily tired. In January, 1940, she was seen by one of us because 
of an attack of dizziness, faintness and thick speech— S 5 Tnptoms similar to 
those described by Smith and Horton®~and she was readmitted to this 
hospital. 

On this second admission, in addition to the rather marked cyanosis and 
clubljing of the fingers, there was some diminution of movement and of lung 
resonance in the right scapular region but no bruit was heard. The heart 
was not enlarged and there were no cardiac murmurs. The spleen could 
not be felt. Blood examination .showed a marked polycj^themia, the hemo- 
globin being 140 to 146% (21.8 to 22.8 gm. per 100 cc.), and the red blood 
count 9 to 9.6 million per cmm. The packed cell volume was 80%. The 
total blood volume was raised to 8500 cc. (normal is 3500 cc.). The vital 
capacity was 1700 cc. Fluoroscopic and Roentgen ray examinations demon- 
strated a shadow in the right middle and lower lobes, similar to that pre- 
viously noted at the Muskoka Hospital. 

It was felt that the cyanosis which the patient exhibited was not secondarj' 
to the polycythemia since it had been present before any increase in red 
cells or hemoglobin had occurred and was central rather than perijfiieral 
in origin. That this was true was shown; first, by the observation that 
when the patient’s hand was immersed for 10 minutes in a water bath at 
45° to 47° C. it became uniformly and more deeply cyanosed; and second, 
l)y the fact that arterial blood, obtained from the femoral arterj’- and also 
from the veins of the heated hand by the method of Goldschmidt and Light,' 
was onl}'’ 70 to 75% saturated with o,xj'gen (normal saturation is 95%). 

The possible causes for such an arterial oxygen unsaturation were: 
(1) a congenital heart lesion; (2) a generalized pulmonarj’- condition, such 
as Ayerza’s disease, in which none of the blood leaving the lungs is properly 
aerated; (3) a local lung condition allowing by some means, .such as a 
shunt, the passage of a proportion of blood directly from pulmonary 
arterj' to pulmonarj' vein. As this patient presented no evidence of con- 
genital heart disease and no suggestion of anj' generalized pulmonarj' 
disease, and as she did show a circumscribed local lesion in the lung on 
Roentgen raj' examination, it was felt that she probablj' had an abnormal 
arteriovenous communication in the lung in the nature of a cavernous 
hemangioma. The cj'anosis could then be adequatelj' accounted for and 
the other signs and sj'inptoms (dj'spnea, dizziness, fatigue, polj'cj'themia 
and clubbing of the fingers) could be considered as secondarj' manifasta- 
tions of the resultant anoxemia. 

An attempt was made bj' artificial pneumothorax to clo.se this arterio- 
venous communication in the lung but, although a good collap-se was 
obtained, no change could be noted in the degree of cj'anosis and no increase 
occurred in arterial oxj'gcn saturation (Table 1). Pneumonectomy was 
then performed bj' Dr, N. Shenstone and Dr. .R. .Janes on Februarj' 14. 
1940. The details of this operation will be reported bj* them elsewhere. 

At operation, when the right lung root was clamped it was found that the 
cj’anosis disapjieared promptlj'. The exposed lung showed a cj’anosed 
mass occupj’ing the upper part of the right lower lobe. This was removed 
along with the whole of the right lung. The i)atient was very uncomfort- 
able for a few davs but within a week she was sitting up in bed, all signs 
of cj’anosis having disappeared and her comple.xion now a rosj’ pink. 
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Examination of her arterial blood at this time showed it to be normally- 
saturated with oxygen (Table 1). Prompt disappearance of polycythemia 
was accounted for, at least in part, by the occurrence of a large hemothorax 
and bj- the loss of blood at operation. The patient was allowed out of 
bed at the end of 6 weeks and was discharged from hospital 2 months after 
her operation. 

Table 1. — Blood Findings 




Arterifll blood 



Hemoglobin, < 

Oi content. 

Oj capacity, 

Saturation, 

Date, 

1940 

% ID. per c.mm. 

vol. % 

vol. % 

% 

21/1 . . 

. . . 140 9.4 

21 G 

29.6 

73 0 

23/1 . 

138 9.0 

22 3 

29 9 

74.5 


After Pneumothorax 



G/2 . . 

. . .135 8 3 

21.3 

29 G 

72.0 


After Pneumonectomy (Feb 

. 14, 19401 



23/2 . . 

. . . 93 5.4 

IS. 4 

19.3 

95 3 


17/4 7.3 4 4 

1941 

25/4 71 4.3 

The pathologist’s report on the lung removed at operation reads, in part: 
“Involving the mid-portion of the lower lobe is a large angiomatous mass, 
roughly measuring 8x6x4 cm., made up of cavernous sinuses linked up 
with one another. Some of the caverns measured up to 1.5 cm. in diameter. 
The lining of these sacs was smooth and greydsh-white in color. On sewing 
up the cut surface of the lung and injecting one of the branches of tlie 
pulmonary^ artery^ this angiomatous mass was distended.’’ The pathologic 
diagno.sLs was “ cavernous angioma of the lung.’’ 

Ten days after discharge the patient was feeling well and exhibited no 
sign of cyanosis. The clubbing of her fingers was less marked and a long- 
standing acne-like eruption on her face had vanished. She was less tired 
and her exercise tolerance had greatly' increased. In September, 1940, 
7 months after operation, she showed further improi-ement both subjectii-ely 
and objectively'. In March, 1941, she reported that, although C months 
pregnant, .she was more fit than she had ever been, that there was no return 
of the cy'anosis, and that all clubbing had disappeared except from one 
thumb. By' the end of April, 1941, all the clubbing had entirely' disappeared, 
she was looking and feeling well, the pregnancy' was progressing normally, 
and the only' abnormality- found on blood examination was a mild degree 
of secondary- anemia. 

Summary. The case reported is one of cavernous hemangioma 
of the lung. This pathologic defect allowed the flow of a con- 
siderable volume of unoxygenated blood directly from the venous 
to the arterial circulation which resulted in a marked cyanosis of 
central origin with secondary manifestations of clubbing of the 
fingers and a true secondary polycythemia. When the patient was 
seen by us in January, -1940, diagnosis was relatively easy: poly- 
cythemia, cyanosis not due to peripheral stagnation, absence of 
signs of congenital heart disease, and an infiltrating lesion of the 
lung could only be accounted for by such a le.sion. Great credit is 
due to Dr. C. B. Ross of the Muskoka Ho.spital for suggesting the 
diagnosis of vascular endothelioma of the lung before the develop- 
ment of polycythemia. 
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Ilemoval of tlie Jiemangiomatous pulmonary growth was accom- 
])lishecl without an}'^ particular difficulty by the surgical division. 
This was followed by an immediate cessation of cyanosis, by a 
rapid decrease in the polycythemia, by a more gradual disappear- 
ance of clubbing of the fingers and, after a short period, by a definite 
increase in general health and sense of well-being. 

We wish to thank Professor Duncan Graham for permission to report this case. 
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The value of the sulfonamides in treatment of gonorrheal ure- 
thritis is well established. However, cure rate has not reached 
100% regardless of the derivative of the drug used. The percentage 
of cases which have failed is from 10 to 40%, according to the 
drug employed and the method used. These cases which under- 
went an intensive course of sulfonamide and failed have been 
treated in many ways, such as repeated courses of sulfonamides, 
irrigations, typhoid vaccines, gonococcus vaccine and fever therapy. 

Fever therapy in the treatment of active gonorrheal urethritis 
was initiated by the Kettering Institute for Medical Research. 
Carpenter, Boak, and Warren' found the rationale of such therapy 
in working out the thermal death time of various strains of gonococ- 
cus. The lethal temperature ranged around 10{)° F. for a duration 
of 6 to 24 hours. Several investigators compiled statistics in the 
use of fever therapy alone for treatment of gonorrhea. 

With the advent of sulfanilamide, physicians began to combine 
this drug with fever therapy. Ballenger and Elder,' for instance, 
using ordinary dosages of sulfanilamide and .4 fever sessions averag- 
ing 4 hours on alternate days at temperatures up to 104° F., claimed 



680 


FERGUSON, BUCKHOLTZ, GERSTEN: 


that 100% of the cases were cured. Later (1939) they reported a 
cure rate of 90% on a larger series of cases. Owens, AVright and 
Lewis'^ administered sulfanilamide for 4 days followed by 10 hours 
of 106° F. and reported almost 100% of them as being cured. Belt 
and Falkenberg,2 using sulfanilamide for 7 daj-s, 5 hours of fe\-er 
therapy at 106° F. on the 3d, 5th and 7th days, reported 86% of 
49 cases as being cured. Ivendall, Simpson and Rose® claimed 100% 
results in 31 cases, using the combination of sulfanilamide and 
fever. 

In an endeavor to improve the treatment of gonorrhea by speed- 
ing reco\"ery, we carried out the following clinical stud^'. The plan 
was to develop a high concentration of sulfathiazole in the patient, 
then subject him to hyperpyrexia. If one such treatment would 
prove effective, time can be saved for the patient and the public 
health problem simplified. 

Selection of Cases. Our cases are all seamen with an age range 
of from 19 to 47 years who have picked up \farious gonococcal 
strains from many countries bordering on the sea. The number of 
pre^’ious infections per patient varied from 0 to 5. The duration 
of infection was from 1 to 60 days. Most of the cases were uncom- 
plicated. The few that had acute gonorrheal epidid^nnitis are so 
listed. 

All the patients on entry to the hospital were gi\'en a physical 
e.xamination and a Jiistory was taken. Smears and cultures were 
taken to confirm the diagnosis. 

Procedure. The patient is given 1 gm. of sulfathiazole starting at 
2 p.M. the day before the fever therapy and continued ever}' 4 hours until 
a total of 5 gm. are administered. The man is then given an enema and, 
following this, a hot tub bath which brings the surface temperature to 
about 102° F. The patient is then put into a preheated fever cabinet and 
his temperature slowb" raised until 106° F., by rectum, is reached. Thi.s 
takes about 1 hour. This temperature is maintained for about 7 hours. 
During his stay in the hypotherm cabinet the patient is given, bj" mouth, 
from 3 to 4 liters of normal saline, flavored with Karo sjTup. Following 
this treatment the patient is warmly wTapped in blankets, brought to his 
room and given fruit juices and milk for the ne.\t 24 hours. 

Criteria of Cvre. The criteria of cure included complete cessation 
of all objecti\’e symptoms, disappearance of discharge and dysuna 
and clear urine in the 2 glass test. Bacteriologic and cultural 
e.\aminations were done on all patients in the following manner: 
Starting on the 2d day after fever therapy and on subsequent 2(1 
or 3d days thereafter for 3 times, the patient was sounded, his 
urethra massaged gently against the sound and the sound removed. 
A prostatic massage was ne.xt done for microscopic and cultural 
examinations of strippings. Three consecutive negative cultures 
were required before the patient was discharged. 

Data. Table 1 shows the results of the combined therapy given 
to the uncomplicated cases of gonorrhea. 
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Table 1.— Results of Combined THEiiApy in Uncomplicated Cases 


No. of 
combined 


Previous treatment treatments 

Patients 

Ciire.s 

Failures 

% eure.s 

None* 

1 

25 

22 

3 

88 

.Sulfathiazole (20 gm.),t 8 days . 
One course of sulfonamidet plus 

1 

20 

IS 

2 

90 

sulfathiazole (20 gm.), 8 days . 
One course of sulfonamidet plus 

1 

20 

22 

4 

85 

sulfathiazole (20 gm.), 8 days . 

2 

4 

2 

2 

50 


— 

— 

— 

— 

— 

Total 


75 

04 

11 

So 3 

* Duration of disease of those cured, 3 to 30 days; those 

who failed, 

5 to S days. 


t Period of rest between treatments, 3 to 10 days. 

Two cases of acute gonorrhea accompanied by epididymitis were 
given one course of sulfathiazole and failed to respond. These 
patients then received the combined treatment wliicli resulted in a 
cure of each. 

Comment. We have found several interesting factors in our 
study. It would appear that duration of illness has no bearing on 
the efficiency of the combined sulfathiazole and fever therapy. 
vSuccess has been obtained in cases with a duration of as short as 
3 days. 

In this series, the combined therapy of sulfathiazole and hyper- 
pyrexia successfully cured 85.3% cases of gonorrheal urethritis. 
Necessity of a rapid cure is the chief indication. It is of distinct 
advantage when previous treatment has failed. 

The treatment should be confined to the j'oung and ^’igorous, 
as it is drastic. The most annoying complications are herpes about 
the face as a result of the heat. Some patients suffer malaise and 
weakness for 2 to 3 days. A disadvantage is the exjjense, as a 
nurse’s constant attention is required as well as relatively expensi\'e 
apparatus. Large doses of the sulfonamides are not without risk 
and harm as we have cautioned in previous publications.^ We re- 
cently had one patient develop anuria from 300 gr. of sulfanilamide, 
given at a rate of 80 gr. per day. No calculus or mechanical block 
was involved. He was anuric for S days, then recovered. French^ 
has called attention to an interstitial myocarditis that may result 
from these drugs. 

Conclusion. Of 75 cases of uncomplicated previously untreated 
gonorrheal urethritis, treated with sulfathiazole 5 gm. for IS hours 
prior to fever therapy of 7 hours of 106° F., 88% were cured (22 
of 25). Of those receiving this therapy after one cour.se of sulfona- 
mide, 90% were cured (IS out of 20). ()f those receiving this therapy 
after more than one course of sulfonamide, 85% were cured (22 
of 26). Of 2 cases of epididymitis not included in this li.st. both 
recovered after one treatment of the combined therajjy. 

The chief indication for this type of therapy is the necessity of 
a rapid cure for selected patients. 
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Sulfocyan.ates are naturally present in the body in a mucli 
higher concentration than any other known depressor substances. 
Although for many years nitrites have been the depressor substances 
of choice in the treatment of hypertension, the natural blood con- 
centration of sulfocyanates is approximately 50,000 times that of 
nitrites. 

In our studies, the natural concentration of blood sulfocyanates 
in 241 persons to whom the drug had never been administered 
ranged from 0.31 to 2.55 mg. per 100 cc. of blood. In the groups of 
individuals whose pressure was in the normal range, the blood 
.sulfocyanate concentration averaged 1.2 mg. per 100 cc. of blood.'' 

Each individual has a fixed natural blood concentration of sulfo- 
cyanates that does not change appreciably from week to week. 
Of 29 unselected persons who had never taken sulfocyanates, 
picked at random without regard to blood pressure or other factors, 
the initial blood concentrations ranged from 0.36 to 2.04 mg. per 
100 cc. of blood. Repeat determinfitions, made from 1 to 2 weeks 
later, showed no variation in 3; variation of 0.10 mg. or less in 15, 
and a mean variation for the 29 of 0.14 mg. per 100 cc. of blood.' 

The constancy of the blood concentration of sulfocyanates i.s quite 
marked not only in the subjects we have studied, but also in patients 
to whom sulfocyanate has been administered for therapeutic efleets. 
While different indivirluals vary greatly in their reaction to tiie 
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drug, each person tends to show a very constant level after becoming 
adjusted to the influence of the drug. 

Studies of 241 individuals who had never received sulfocyanate 
therapy indicate that blood pressure varies in inverse ratio to the 
blood sulfocyanate concentration 

For analytical purposes in this work, we have classified blood 
pressure readings as follows: 

Below 106 systolic: hypotension 
106 to 130 sj^stolic: normal pressure 
131 to 140 systolic: borderline 
141 and above systolic: hypertension. 

Diastolic pressures have been classified similarly, diastolic readings 
being expected to be approximately two-thirds of the above readings. 
These figures are in keeping with the published work of the Associa- 
tion of Life Insurance Medical Directors and The Actuarial Society 
of America, which places 128 mm. as the maximum normal systolic 
pressure and 84 mm. the maximum normal diastolic pressure.- 

The averages of blood sulfocyanate concentrations for each blood 
pressure group make definite curves for systolic and diastolic pres- 
sures. Also, all cases presenting high blood pressure fall in tlie low 
sulfocyanate concentration group; while in the high blood sulfo- 
cyanate group, no hypertension cases appear. Above a blood con- 
centration of L54 mg. no diastolic pressures above 90 mm, were 
found, and the only systolic pressures above 130 mm. were one of 
150 mm, and one of 138 mm. 

All of our studies have been made on blood serum. Barker and 
others have made exhaustive studies of the sulfocyanate content 
of various body tis.sues and fluids. Sulfocyanates are present in 
all parts of the body, though some tissues contain much more than 
others. 

Many vertebrates are known to have sulfocyanates present in 
considerable amounts throughout their bodies; no vertebrates are 
known to be without it. 

Blood Pressure Studies. As described in earlier reports of this 
work*'^ every effort has been exerted to assure results that would 
not be influenced by variations in diet, exercise or other factors. 
.Accordingly, every penson admitted to the State Prison and to the 
State Hospital for the Insane was .studied. Samples of blood were 
collected on the second morning after admission before breakfast 
and before tobacco was used. All subjects were at rest in the institu- 
tions for observation and general study and appraisal. There was 
reasonable similarity of diet for all individuals in both institutions. 
Apparently we had as exact a control over the environment, diet 
and activities of the subjects as was possible. Studies were made of 
241 consecutive admissions. 

To secure maximum accuracy in the study, all determinations 
were made by a graduate .student in chemistry, using an Evelyn 
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photoelectric colorimeter.'’ Tests showed that a filter of wave 
length 440/i was correct for this work. Blood serum w'as used for 
the tests. As a further check on accuracy, reco\'ery tests by silver 
nitrate precipitation were made and indicated that the results were 
well wdthin the acceptable limits of technical error. 

Similar studies on a large number of other persons in private life 
have been made. These show the same very definite inverse ratio 
of blood sulfocyanate concentration to blood pressure. However, 
since they were not under such strictly controlled environment, 
they have not been included in our statistics (Chart 1). 



.60 .90 mo I.IO 120 130 140 150 
KCNS-MG. PER 100 C,C. BLOOD 


Chakt 1.— Results of sulfocyanate studies on prisoners at the State Prison- 
This shows the inverse ratio between blood sulfocyanate concentration and hlooil 
pressure levels. 

Prcsxor S 7 ih'fam-es. In the human body there appears to be a 
delicate balance of control over blood pressure. There is a pressor 
substance that is associated in some way with the adrenals and 
perhaps also with the kidneys. The normal tonicity of the arteriolar 
musculature is maintained by elastic tissue and the action of the 
pressor substance on the muscular coat. In Addison’s disease there 
is a deficiency of this pressor substance and blood pressure is low . 
Undoubtedly, epinephrine plays a very important role in the 
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maintenance of tone in the vessel walls whether low, normal, or 
high pressure exists, and epinephrine has been generally accepted 
as the essential pressor substance. Occasionally a tumor of the 
adrenal gland is seen, such as the paraganglioma, in which severe 
rises in blood pressure occur but may be relie\^ed by removal of 
the tumor or the adrenal. 

In some cases of hjTDertension there appears to be an excess of 
pressor substance. There are also depres.sor substances in the 
body which help to counterbalance the effects of the pressor sub- 
stance. Nitrites, present naturally in minute amounts,”’ have been 
used as depressor substances for many years. Sulfocyanates are 
the only known depressor substances present naturally in the body 
in appreciable amounts and they exert very satisfactory depressor 
effects on blood pressure at any level. Our work has shown that 
low blood pressure is likelj^ to be associated with a high blood 
sulfocyanate concentration, that high pressure is associated with a 
low blood sulfocyanate concentration, and that normal and border- 
line pressure cases occupy intermediate positions. It is e.specially 
noteworthy that higher concentrations of sulfocyanates are not 
associated with hypertension. 

Blood Pressure Control. The whole story of blood pressure con- 
trol cannot be found in either pressor substances or sulfocyanates 
alone. There is a delicate balance of control between the two 
substances and either may be present in the body in e.xcess, in 
normal amounts, or be deficient; and any combination of these 
states is also possible. This is well illustrated by the fact that in 
many patients hypertension may be corrected without raising the 
blood sulfocyanate concentration above normal natural le\'cls, 
while other cases require that they be stabilized at a high concentra- 
tion; i. c., enough sulfocyanate must be kept in the blood stream 
to counterbalance an excess of pressor substances. 

Sulfocyanates appear to act efficiently in the reduction of blood 
pressure of any level, whether the pressure be high, low, normal or 
borderline. Unless too much change in the arterioles and capillaries 
has occurred there appears to be very little restriction on the degree 
of reduction that is possible. 

The usual approach in the treatment of hypertension is on the 
plane of control of symptoms; only relatively rarely is one able to 
discover basic causes for the condition. Relief of symptoms is of 
definite value to the patient but unless the pressure is lowered there 
can be only symptomatic relief. 

The control of blood pressure is further complicated by other 
etiologic factors. We attempt to eliminate all cases that represent 
«a physiologic rise in blood pressure due to emotion or exercise and 
in which the rise in blood pressure is the result of increased cardiac 
output; such rises are transient and we do not classify them as 
hypertension. The sustained elevations of pressure resulting from 
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increased peripheral resistance to the blood flow represent pathologic 
hypertension and it is Avith this type of cases that we have been 
working. 

Many substances will reduce systolie blood pressure temporarily. 
Most of this relief is psychic in nature. The attitude and manner of 
the attending physician may raise or lower pressures. Pressures 
maj" rise 50 points or more in patients with hj^pertension due to 
careless remarks by the physician. But unless drugs lower the 
diastolic pressure as Avell as the systolic pressure, there is little or 
no benefit for the patient. 

Nitrites are typical of the large group of drugs that loAver systolic 
pressure temporarily; but the diastolic pressure is not lowered 
satisfactorily and systolic improvement is not likely to persist very 
long. A satisfactory depressor substance must relieve spasm of the 
arterioles, thereby loAvering the diastolic pressure. After hyper- 
tension has persisted for a long time and arteriolar spasm has been 
replaced by arteriolar sclerosis with calcification, relaxation is no 
longer possible and it is doubtful if any treatment other than 
symptomatic is feasible. 

Treatment. This raises the point as to the proper time at which 
to institute treatment for hypertension. An average normal blood 
pressure may be assumed to be 120/80. Any rise aboA’’e normal is 
likely to be gradual rather than sudden. At some point in this rise, 
treatment should be instituted. The longer treatment is delayed 
and the higher the pressure is allowed to rise before treatment is 
begun, the more likely are the arterioles to become sclerotic or 
calcified and the less satisfactory must be the results of treatment. 
If a pressure that tends to rise can be returned to normal in the 
early stages, there is a good possibility of preventing anatomico- 
pathologic changes; Avhen such changes progress sufficiently far, 
they are irreversible. 

In older persons, Avho ha\'e become accustomed to high pressure, 
especially if there be arteriolar sclerosis, caution must be observed 
in lowering pressures from any level. 

In the beginning of studies to appraise hypertension, each patient 
should have a thorough study to discover and correct all possible 
factors that might influence the picture. Allergy, faulty digestion, 
hyperthyroidism and many other conditions may occasionally 
produce or intensify hypertension. Such conditions should be 
corrected and time alloAved for improvement before any specific 
methods of treatment are instituted. 

Bed rest may be necessary in the beginning of treatment because 
of vascular crises, threatened cardiac decompensation or other 
complications; otherwise, better results are obtained by avoiding 
too much bed rest: it has a bad psychologic effect on the patient. 
Early in the treatment, some rest may be indicated at various 
times during the day, but this is largely symptomatic treatment 
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and must be applied to the individual patient along with other 
general measures. 

We use small doses of mild sedatives almost routinely in the 
treatment of hypertension. Our usual procedure is to give 0.5 gr. 
phenobarbital on rising and at noon daily. This takes the edge off 
the patient’s nerves during the day and permits more satisfactory 
sleep during the night; by not giving sedatives at bedtime, there 
is less likelihood of a hangover the next morning. It is doubtful if 
worry and stress and strain are responsible for hypertension. 
However, patients with hypertension do worry excessively and are 
likely to live under high stress and strain. A small dose of sedative 
aids in the treatment. Frequently, especially' in milder cases of 
hypertension, the sedative can be reduced or stopped after a few 
weeks as the pressure approaches normal. 

Diet A minimum of stress is placed on the kind of diet. Tlie 
amount of food taken is of far greater importance than the selection 
of the diet. Overeating appears to play an important part in the 
maintence of pressure at a high level. We attempt to keep body- 
weight as nearlyj^ normal as possible. 

Almost all patients will show some drop in blood pressure on this 
regimen. After this has been followed until we are sure that no 
further improvement is to be expected, sulfocyanates may be given 
if the pressure is still too high. In this way, we have attempted to 
eliminate the danger of crediting psychic improvement to sulfo- 
cy-anate therapy-. 

Sulfocyamte Therapy. —The potassium salt appears to be the 
form best suited for sulfocyanate therapy. It is not toxic in thera- 
peutic doses, and it is given in larger doses than the sodium .salt. 
As an initial dose we give 5 gr. daily, best given after breakfast. 
We do not give sulfocy-anate to patients unless we are sure of 
securing a reasonable degree of cooperation. 

This drug shows no tendency- to the development of tolerance to 
its action. But there is a cumulative effect in many cases. For 
protection against this effect we make frequent determinations of 
the blood sulfocyanate concentration It is noteworthy- that as 
the blood concentration of potassium sulfocyanate rises, blood 
pressure falls. At the beginning of its administration weekly- bloori 
tests appear to be adequate. Later, as the patient’s response to 
the drug is better known, tests are made less frequently and still 
later at monthly intervals. We find that the lower the effective 
blood sulfocyanate concentration can be kept, the better the results. 
Many of our patients do best with a concentration of potassium 
plfocyanate in the blood of 2.5 to 3 mg. per 100 cc. of blood which 
• is within or near natural levels found without sulfocyanate tlierapy. 
Other patients require a concentration of 5 to 8 mg. or more per 
100 ec. of blood. We use the lowest concentration that yields 
required results. No maximum concentration has been set, though 
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20 mg. per 100 cc. of blood is usuall}'- accepted as a high safe range. 
We have observed concentrations of 40 and 65 mg. per 100 cc. of 
blood with no serious ill effects. However, it appears that death may 
be produced at lower levels. To avoid untoward symptoms, pres- 
sures must be reduced slowly and gradually. The effects of sulfo- 
cyanates develop slowly and persist for a -considerable time after 
therapy has been stopped. Frequently it is necessary to reduce the 
dose. Occasionally after several weeks it is necessarj" to increase 
the dose aboAm 5 gr. daily. We have observed that AAuth improve- 
ment in blood pressure and symptoms dosage may be reduced 
gradually after weeks or months of treatment. 

The .essential factor in treatment of hj’per tension is to furnish a 
sufficient amount of sulfocyanate to balance an unknown amount 
of pressor substance and maintain blood pressure at a satisfactory 
level. This level must depend on the degree of change in arterioles 
and capillaries, the cardiac reserve, and pressor substances. 

Dangers. No contraindications to the use of sulfocyanates have 
been found. However, we always use it with care, especially in 
old arteriosclerotic patients. We do not expect to reduce extremely 
high pressures of long standing to normal levels. Such cases will 
require somewhat higher pressures than normal for at least several 
months. However, we find that almost every case Avill show a 
slow gradual fall over a period of several months. In angina pectoris, 
associated with hypertension, sulfocyanates can be used with care. 
A moderate and slow reduction of pressure tends to relieve angina. 
Sulfocyanates produce a prolonged effect instead of the fleeting 
effects of nitrites and demonstrate their superiority by reducing 
diastolic as Avell as systolic pressures.- •*''- 

In cardiac decompensation we do not use sulfocj’anates until 
compensation has been restored by rest in bed and such supportive 
measures as may be indicated. Then sulfocyanates are indicated. 
Cardiac decompensation is likely to appear in patients who have 
presented very high diastolic pressures. 

In these cases, the heart has little opportunity to rest. The 
increased cardiac load results from increased peripheral resistance 
AA’hich in turn raises the diastolic pressure. Cardiac decompensation 
and failure are responsible for more than half the deaths of hyper- 
tensive patients. A loAvered diastolic pressure makes recurrences of 
decompensation less likely. In apoplexj'- even slight lowering of 
the pressure tends to reduce the danger of recurrences.- 

It has been noteworthy that in the sulfocyanate treatment of 
hypertension there i.s no tendency toward increased nitrogen reten- 
tion in the blood. The assumption that sulfocyanates improve the 
circulation in the kidneys, especially in efferent vessels, has some 
justification. _ . . 

Discussion. Sulfocyanate treatment is recognized as substitution 
therapy. It supplies sulfocyanate to a group of individuals who 



BLOOD PRESSURE AND SULFOCVANATES 


695 


suffer from high blood pressure and who also as a group have less 
sulfocyanate in the blood than other individuals/ The treatment 
apparently will be required for life. 

Best results are. obtained in less seN’^ere cases. Treatment should 
be started before there is too much sclerosis of the arterioles. Relief 
in hypertension bj' any method is possible onl}" to the e.xtent that 
spastic or sclerotic arterioles can be made to relax. After there is 
too much sclerosis there is grave doubt as to whether relaxation is 
possible. 

Results. In our clinic in the past 4 years we have had a total of 
136 hypertensives who have continued the treatment as long as 
3 months. Shorter periods of treatment do not appear to be ade- 
quate for appraisal of the ^'alue of results. Symptomatic improve- 
ment seems to satisfy some patients and cause them to stop treat- 
ment. During the past 2 years, we have used smaller blood concen- 
trations of sulfocyanates and have secured better results than 
formerly with higher concentrations. 

We expect to get relief of symptoms in practically all cases. 
Functional results are good in two-thirds, while one-third show 
poor or fair results from treatment. Proper selection of cases for 
treatment would increase the percentage of good results almost to 
100%. We feel that we are not justified in making such a selection 
because of the benefit from fair results and also from symptomatic 
improvement. 

The underlying factor in failure is fibrosis of the arterioles and 
capillaries; this is seen in old arteriolar sclerosis itself as well as in 
syphilis, hemiplegia and cardiac decompensation. Fair results may 
be obtained in many of these cases by prolonged treatment. Dif- 
ficulties have also been encountered in handling toxemias of preg- 
nancy by this means. 

Of our cases, 92 (67.7 %) have been classed as showing good results, 
i. c., showing a sustained reduction of at least 15% in both systolic 
and diastolic pressures (Table 1). Better results arc obtained in 
private patients than in clinic and institutional cases (our private 
cases show 79% good results and 7 % fair results) due to less syphilis, 
less vascular sclerosis, earlier diagnosis and treatment, and also to 
better cooperation. A large number of our cases shoAV more than 
15% reduction in pressures, many cases showing a normal pressure 
after some months. While 15% reduction is not dramatic, it is 
sufficient to relieve symptoms and decrease the danger of hemiplegia 
and angina. 

There have been no deaths among our patients who were on 
treatment, or who had been on treatment. There has been 1 case 
of hemiplegia in a man who had secured symptomatic relief and 
stopped the treatment. 

Our best results are obtained in those patients who show; 1, not 
too much change in arterioles and capillaries; 2, a low natural blood 
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sulfocyanate concentration ; 3, satisfactory response to small doses of 
sulfocyanates ; 4, a blood concentration of 2.5 to 5 mg. of sulfo- 
cyanate per 100 cc. of blood while on treatment; 5, full cooperation 
in the treatment. 

Table 1.— Results With Potassium Sulfocti’anate 

Type of h>'pertension 


No. 

cases 

22 

Age 

group 

20-40 

Race 

Sex 


Results 


Essen- 

tial 

19 



Decom- 

pensation 

1 

Cla.'isification 
of patients’ 
.4—1 C— 10 

B — 5 D— G 

\V. C. 

15 7 

M. F. 

10 12 

Good 

14 

Fair 

2 

Poor 

6 

Luetic 

2 

71 

40-60 

54 17 

41 30 

47 

S 

16 

W 

3 

4 

.4-8 C-I7 
B-11 D-3.i 

43 

60-80 

39 4 

27 16 

31 

6 

6 

34 

4 

3 

A— 11 C-11 

B-5 D-ir. 

136 

Per cent: 


108 28 

78 .iS 

92 

67.7 

16 

11.7 

2S 

20.6 

117 

9 

10 



Classification of results: 

Good: Above 15% reduction in systolic and diastolic pressure. 

Fair: Above 10% reduction in systolic and diastolic pressure. 

poor; Below 10% reduction in sj'stolic and diastolic pressure. 

• A—Nortfa Carolina State Hospital. B—Korth Carolina State Prison. C— Rex Hospital Clinic. D- 
Private patients. 

Conclusions. 1. Sulfocyanates are naturally present in the body 
in a much higher concentration than any other known depressor 
substance. The concentration is approximately 50,000 times that 
of nitrites. 

2. Each individual has a fixed constant blood sulfocyanate level. 

3. Blood sulfocyanate concentrations tend to vary inversely with 
the blood pressure level, whether naturally or under treatment. 

4. There appears to be normally in the body a balance between 
pressor substances and sulfocyanates. There is a definite tendency 
for low blood sulfocyanate levels to be associated with hypertension. 
Higher concentrations of blood sulfocyanates are not associated 
with hypertension. 

5. Potassium sulfocyanate is a safe depressor substance if used 
properly; it lowers the diastolic pressure as well as the systolic. 

6. The earlier in the course of the disease that treatment is insti- 
tuted, the better the results that can be anticipated. 

7. The lower the effective blood sulfocyanate concentration can 
he kept during treatment, the better the results will be. 

8. The results of this work show such a .strong rationale for the 
use of sulfocyanates in hypertension that the use need no longer 
be regarded as empirical. 
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A .STUDY of the effect of thiocyanate on the occurrence of migraine 
iieadaches seemed of interest for two reasons: The first of these is 
the more recent understanding of the local mechanism responsible 
for the signs and symptoms of migraine, with emphasis on the sup- 
position that all attacks of migraine begin with an e.\cessive vaso- 
constriction of certain branches of the carotid artery. If this sup- 
position be true, there would seem to be a possibility of preventing 
the attacks by the use of a long-acting vasodilator substance, such 
as potassium thiocyanate seems to be. The second reason for this 
study is the desirability of improving our present methods of treat- 
ment of migraine. There is no intention to review here such methods 
of treatment. The reader is referred to an excellent review of this 
subject by von Storch,® which is summarized in part as follows: 
“Therapeutic results are still far from satisfactory in migraine. 
Termination of individual attacks can be accompli.shed in most 
iiLstances. The frequency and severity of attacks may be decreased 
in many cases. Complete relief is unusual.” A more effective 
means of preventing migraine attacks would indeed be of con- 
siderable clinical value. 

.\lthough the apparent nature of the migraine mechanism has 
been long suspected on the basis of certain clinical observations, 
we arc indebted to Wolff and his collaboratons^ ® for convincing 
e.xperimental evidence on this subject. By means of special methods 
they were able to ob.serve the caliber and pulsations of the temporal 
and middle meningeal artcrias in relation to attacks of migraine. 
They found that the pain of migraine was associated with an 
increase in the amplitude of pulsations and the caliber of the 
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arteries. The relief from pain which followed the administration 
of ergotamine tartrate coincided with a diminution in the arterial 
pulsations and diameter; on the other hand, the increase in pain 
which followed injections of histamine was associated with an 
increase in the caliber and pulsations of the arteries. Thus, these 
and other observations by the same group of investigators con- 
stitute evidence that the pain of migraine is due to an e.xcessi\’e 
distention of extracranial and dural branches of the carotid artery. 

These observations on the mechanism of pain in migraine may 
be less important clinically than a studj’ of the vasomotor reactions 
associated with the pre-headache phenomena of this disorder. Of 
considerable significance may be the demonstration by Schumacher 
and Wolff® that under certain conditions the pre-headache scoto- 
mata of migraine could be abolished by the administration of the 
vasodilator substance amyl nitrite. From this observation one 
may infer that the initial A'asomotor reaction, which occurs during 
the pre-headache phase of migraine, is one of excessive vasocon- 
striction of intracerebral vessels. In addition, it seems possible 
that initial vasoconstrictor reactions are not eonfined to intra- 
cerebral vessels, but involve the dural and e.xtracranial vessels as 
well. It was on the basis of such a possibility that this study has 
been made— that is, to determine the effect of the vasodilator sub- 
stance potassium thiocyanate on the frequency and severity of 
migraine. 

Potassium thiocyanate was the chosen vasodilator drug for several 
reasons. It has been found to exert a prolonged depressor effect 
on the blood pressure of hypertensive patients in about half of the 
cases in which it has been employed.* This effect is seemingly due 
to peripheral vasodilatation because, first, the decrease in blood 
pressure occurs before any change in the composition of the blood,' 
and second, its effect on the blood pressure is enhanced following 
bilateral splanchnic and lumbar sympathectomy.'' Furthermore, in 
our experience when potassium thioc^•anate has been effective in 
reducing the blood pressure of a hypertensive individual, there 
has also been a definite decrease in the patient’s response to the 
cold-pressor test. We regard this as evidence that potassium thio- 
cyanate not only produces a mild peripheral vasodilatation in these 
cases, but in addition restrains the peripheral vasoconstrictor 
responses to stimuli of cold and pain. Since the advent of a method 
for the proper control of thiocyanate medication, as published by 
Barker in 19.36,- it has been possible to give the drug intelligently 
with a minimum of risk. Recently Barker' and Kurtz' have sepa- 
rately reported their observations on the use of thiocyanate covering 
periods of 10 and 11 years, respectively. In their hands, serious 
reactions have been rare and fatalities charged to the drug have 
not occurred. However, other authors have attributed fatalitic.s 
to the drug, even when given under controlled conditions. Attention 
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lias been called to these reports bj “Current Comment” in The 
Journal of the American Medical Association^ It is indisputable 
that the drug is potentially dangerous and should not be used with- 
out the necessary measures to control its blood concentration. 

Material, The observations in this report were begun in November, 
1940 (15 months ago) and are based on a study of 13 patients with migraine 
who liave received potassium thiocyanate. The average period of observa- 
tion for each patient has been 11 months. Patients who have been started 
on treatment less than 6 months ago have not been included in this report. 
Case histories have been kept as completely as possible, and, before com- 
piling this report, answers to a detailed questionnaire were obtained from 
all patients included in this study. 

The diagnosis of migraine was based on the following clinical considera- 
tions: All patients had been subject to attacks of severe headache with 
periods of complete freedom between attacks. In 11 of the 13 patients 
these attacks had been present since childhood or early adult life, A family 
history of “sick headache” was obtained in 11. In 10 patients the pain 
had been hemicranic. The pain, when severe, was of a throbbing character 
in 6. Nausea, with or without vomiting, was associated with the attacks 
of 10. In 2 patients manual compression of the carotid arterj’- on the side 
corresponding to the pain brought temporarj’- relief. In 10 women the 
attacks regularly occurred in close association with the menstrual flow. 

Method. Two separate procedures were followed, dej^ending uj^on the 
frequency of the migraine attacks experienced by the individual to be 
treated. First, patients who had been having migraine attacks as fre- 
quently as 3 times per month, or who had coexisting hypertension, were 
instructed to take daily dosages of thiocyanate in the amounts of G gr. 
daily for 3 days, and then 3 gr. daily. After about 10 days the blood thio- 
cyanate concentration was determined by the method of Barker.® No 
attempt was made to prescribe dosages of the drug that would produce 
optimum blood concentration of 8 to 12 mg. per 100 cc. as suggested by 
Barker for the treatment of hypertension. On the contrary, dosages were 
prescribed that would produce the lowest blood concentration effective 
against migraine. 

Second, patients who had migraine attacks less frequently than 3 times 
per month and who could foretell the onset of an attack were advised to 
take 6 gr. of potassium thiocyanate when an attack seemed imminent. 
Because the drug was dispensed in enteric coated tablets,* j)atients Averc 
directed to crush the tablet in the mouth before sAvallowing. Four of the 
13 patients Avere treated in this manner. 

Patients Avhose attacks of migraine occurred less frequently than 3 times 
per month Avere not included in this stud}' unless they could foretell the 
onset of attacks or had a coexisting hypertensive disease. 

Results. To facilitate description of results, we shall use the 
terms “mild lieadache” and “scA-ere headache,” Avith arbitrarily 
assigned definitions for each of these terms. “Mild headache” 
refers to a headache of mild discomfort and of less than 4 hours’ 
duration, “Severe headache” designates a headache of greater 
severity and of longer duration. It AA'ill be appreciated that a 
“mild headache" is of minor consequence to the real migraine 


♦ Wo arc indebted to Eli Lilly Company for ‘‘Enseals’’ Potassium Thiocyanate 
used in this study. 
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sufferer. However, in the discussion that follows we shall include 
the mild headaches to describe the results more accurately. 

Twelve of the 13 patients received substantial relief from migraine 
while taking thiocyanate. Of these 12, 4 patients obtained complete 
relief from headache of any description; 7 patients, who were relieved 
of severe attacks, experienced mild headaches with a frequency 
ranging individual^’' from 1 to 8 times per month; 1 patient with 
an associated severe hypertension experienced an occasional severe 
migraine attack premenstrualljL Only 1 of the 13 patients received 
no benefit from thiocyanate. In addition to migraine this patient 
suffered from severe allergic manifestations. She received daily 
dosages of potassium thiocyanate for 3 months with the blood 
thiocyanate concentration reaching 4.4 mg. per 100 cc. 


Table 1. — Effect of Thiocyanate on the Occcrrence of Migraine 

Average frequency of migraine headaches 
per month 



Before thiocyanate 

During thiocyanate 





therapi* 

therapx' 

Daili’ 

Blood 

Period of 




^ 




dosage, 

concentra- 

ohserx'fltion 

Ca^e 

"Mild" 

“Severe” 

"Mild” 

“Severe” 

pr. 

tion. mg. 

mos. 

1* . 

0 

2 

0 

0-1 

4 

7.5 

15 

2 

0 

12 

0 

0 

3 

2.3 

15 

3* . 

15 

1-2 

4 

0 

3 

0.6 

13 

4* 

8-12 

0-1 

0 

0 

6 

6 2 

12 

5 . 

0 

6 

1 

0 

3 


2t 

6 . 

18 

12 

8 

0 

3 

2 5 

11 

7 . 

3-4 

1-3 

3-4 

1-3 

G 

4.4 

3t 

8 . 

22 

8 

4 

0 

0-9 

4.5-8 3 

8 

9 . 

0 

10 

0 

0 

3 

3 4 

7 


* Migraine associated with hypertensive disease. .See text. 

t Discontinued thiocyanate therapy. See text. 

In Table 1 is assembled data listing the appro.ximate frequency 
and severity of headaches before and during thiocyanate treatment, 
the daily dosages employed, and the blood thiocyanate levels for 
individual patients who have taken daily dosages of the drug. It 
is noteworthy that 5 of 8 patients who were benefited required 
only 3 gr. of thiocyanate daily to obtain a satisfactory effect. The 
blood thiocyanate levels for these 5 patients ranged from 2.4 to 
G.6 mg. per 100 cc. It is apparent that the blood levels of thio- 
cyanate effective against migraine are substantially lower than 
tliose generally considered to be most effective in the treatment of 
hypertension. Three patients in the group had a coexisting hyper- 
tension, which in no way seemed to alter the result of treatment. 

An observation of considerable significance was afforded by the 
fact that 5 patients who had obtained relief from migraine while 
taking thiocyanate voluntarily discontinued tlie medication. In the 
case of 1 patient, severe headaches recurred only preceding the 
menstrual periods. The other 4 patients experienced a recurrence 
of headaches of appro.ximately the same frequence' and se^'crity 
as obtained before treatment was begun. In each case the resiimp- 
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tion of thiocyanate medication again brought relief from the 
migraine attacks. 

Case Report. The following case history is included because the 
extreme severity" of the migraine experienced by this patient pro- 
vided an excellent object for study. 

A white male executive, age 45, had been subject to frequent “sick 
headaches” as long as he could remember. For several years he had had 
a mild attack daily, and severe attacks on the average of twice each week. 
During the latter he frequently had to be driven home from ^Yo^k and put 
to bed. In preceding years he had employed many forms of treatment, 
including large dosages of sedatives and vitamin B-complex, without relief. 
Sole relief was obtained from ergotamine tartrate taken at the onset of an 
attack. How'ever, attacks thus aborted w'ere prone to recur within a few 
hours, and at times he had taken 4 dosages of ergotamine tartrate daily. 
On the advice of his family plij^sician this medication W'as discontinued. 

When he presented himself for examination in June, 1941 (8 months 
ago) he was developing a right hemicranic headache. Pressure on the right 
carotid artery relieved pain. On the preceding day he had experienced a 
moderately severe left hemicranic headache, w'liich possibly accounted for 
the w'ell-developed periarteriolar sheathing observed in the fundus of the 
left eye. This finding w^as not present at a later examination. The right 
fundus appeared normal. The blood pressure Avas wuthin normal limits, and 
the remainder of the physical examination revealed no important aljnor- 
mality. 

Thiocyanate medication was begun, and at the end of 2 w'eeks the blood 
thiocyanate level measured 6 rag. per 100 cc. The patient stated that 
contrary to instructions he had taken 6 gr. of thiocyanate daily. During 
this period he had had only 3 moderately severe headaches and on the 
remaining days had had no headaches at all so that he w’as much encouraged. 
During the next 6 w'eeks the patient took 9 gr. of thiocyanate daily, which 
resulted in an elevation of the blood thiocyanate concentration to 8.3 mg. 
l)er 100 cc. During this period he experienced an average of 1 to 2 mild 
lieadaches weekly. There had been 1 severe headache. He estimated the 
degree of relief as about 90%. 

After continuing this program for about 2 months, the patient voluntarily 
discontinued the medication for 2 weeks, during w’hich there was a recur- 
rence of frequent violent headaches. During the next 2 weeks he endeavored 
without success to obtain relief by taking 6 gr. of thiocyanate at the verj' 
onset of the headaches. Whereupon, a daily dosage of 6 gr. of thiocyanate 
was resumed. Tw'o months later the blood thiocyanate measured 4 mg. 
l)er 100 cc., and the patient reported that he had been having an average 
of 1 mild headache w'eekly. Violent headaches had not occurred. 

Tile results obtained by the second group of patients— those 
who have taken tliiocyanate only when a migraine attack seemed 
imminent— can be described briefly. One patient, who had been 
subject to a severe attack of migraine preceding each menstrual 
period for years, has over a period of 10 months been able to prevent 
the occurrence of headaches by taking G gr. of thiocyanate daily 
for 2 or .3 days preceding the menses. There were 2 women who had 
each been subject to an average of 2 severe attacks of migraine 
monthly. One of these has been able over a period of 6 months 
to prevent the headaches by taking G gr. of thiocyanate at the 
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onset of pre-headache symptoms consisting of “extreme tension.” 
The other patient was able to prevent the headaches from becoming 
severe by taking 6 gr. of thiocyanate at the very onset of the attack. 
However, this patient discontinued this procedure after 2 months 
because of untoward symptoms consisting of “uneasiness around 
the heart” and “pain in mj^ hemorrhoids and varicose veins.” The 
fourth patient in this group, a salesman, age 35, had experienced 
severe headaches on an average of 2 a month and milder headaches 
about 3 times monthly for several years. Over a period of 1 1 months 
he has been able to prevent the occurrence of headaches' by taking 
6 gr. of thiocyanate at the onset of prodromal symptoms, which, he 
declared, are too vague to be described. 

Several patients have experimented with taking thiocyanate after 
the onset of headache. In all instances thiocyanate taken in this 
way has failed to bring relief. It must, therefore, be emphasized 
that for thiocyanate to be effective in preventing attacks of migraine 
it must be taken in daily dosages or taken during the pre-headache 
phase of the attack. 

Comment. The observations herein reported indicate that potas- 
sium thiocyanate, properly administered, is effective in reducing 
the frequency and severity of migraine headaches. 

The success of thiocyanate in reducing the frequency and severity 
of attacks of migraine is, in the light of present knowledge of the 
drug, probably due to its prolonged vasodilator action. Should this 
supposition be true, it would constitute additional evidence that 
the initial vasomotor reaction in migraine is one of excessive vaso- 
constriction of the involved branches of the carotid artery, and it 
would establish the logic of employing long-acting vasodilator drugs 
in the treatment of migraine. However, it is possible that the 
effectiveness of thiocyanate in the treatment of migraine depends 
upon some unknown action of the drug— a consideration which 
emphasizes the speculative nature of the above reasoning. 

The clinical value of potassium thiocyanate in the treatment of 
migraine cannot at present be fully determined. The excellent 
results observed in this study would seem to justify its trial in the 
following groups of patients; first, those patients who by their 
ability to foretell the onset of attacks can obtain a satisfactory 
result with the use of small quantities of the drug; second, those 
who suffer a degree of morbidity from migraine sufficient to justify 
the daily administration of the drug; and lastly, those migraine 
sufferers who have an associated hypertensive disease. 

However, a decision to employ thiocyanate in the treatment of 
migraine must take into consideration the potential toxic properties 
of the drug. The effects of overdosage with thiocyanate have been 
clearly described* •" and can be prevented by the use of certain 
safeguards in the administration of the drug. But even so, there is 
still the quc.stion of possible harmful effects from the prolonged 
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administration of the drug. It is encouraging tliat tiie experiences 
of others/-^ who have employed the drug in the treatment of hyper- 
tension for more than a decade, liave not furnished evidence of 
ultimate deleterious effects from the prolonged intelligent admin- 
istration of the drug. However, it is recognized that a longer 
period of observation will be necessary before reaching a final con- 
clusion on this very important question. 

Summary. Potassium thiocyanate in dailj' dosages sufficient to 
produce a blood concentration of the drug of 2.5 to 8 mg. per 1 00 cc. 
is effective in reducing the frequency and severity of migraine head- 
aches. Potassium thiocyanate in fi gr. dosages taken during the 
pre-headache phase of a migraine attack is useful in aborting tiie 
headache. On the other hand, potassium thiocyanate taken' after 
the onset of actual headache is of no value. 

The rationale of treating migraine with the use of long-acting 
vasodilator drugs is discussed. The possibility of harm resulting 
from overdosage or long-continued administration of a potentially 
dangerous drug, such as potassium thiocyanate, in the treatment 
of migraine, has not been entirely eliminated, though positive 
evidence is still lacking. 
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THE LOCALIZING VALUE OF THE CLINICAL, ELECTROENCEPH- 
ALOGRAPme, AND PNEDMOENCEPHALOGRAPHIC 
FINDINGS IN EPILEPSY 

By Hendrikes Sjaardema, Pn.D. 

AND 

Mark Albert Glaser, iM.D. 

I,OS ANGKLKS, CALIF. 

It is the purpose of this paper to compare the relative values of 
the clinical study, the electroencephalogram (E.E.G.), and the 
pneumocncephalogram (P.E.G.) for the localization of foCal cerebral 
lesions in convulsive disorders. The electrical seizure patterns in 
cases of symptomatic epilepsy will be compared with tho.se in patients 
with idiopathic cpilcp.sy, and the effects of hyperventilation upon 
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the inducement of these waves noted. The variations in the alpha, 
beta, and delta waves, also the pneumoencephalographic abnor- 
malities present will be described; also our findings as to the correla- 
tion of these abnormalities with an}”- significant changes in the 
E.E.G. 

Studies upon the comparison of the clinical signs, E.E.G. and 
P.E.G. observations have been made by Yeager et Davidoff,® 
Rheinberger and Siris,®® Goldensohn, Marmor and Meyer.'= 

In this series of 52 cases, 24 (46.2%) were classified as idiopathic 
epilepsy. Of these 24, there were 18 (75%) with seizure patterns. 
These 18 cases consisted of 6 instances of grand mal, 6 petit mal, 
and 11 of psychomotor epilepsy. Four patients had a combination 
of 2 or more seizure patterns, hence are listed twice in the preceding 
classification. 

Twenty-eight patients (53.8%) of the entire series had symp- 
tomatic epilepsy. The symptomatic group was classified as fol- 
lows: traumatic in 8 (15.2%); brain tumor in 5 (9.6%); mental 
deficiency, dating from birth and of undetermined origin in 6 
(11.5%); vascular lesions in 4 (7.7%); congenital communicating 
hydrocephalus in 3 (5.8%); encephalitis in 1 (1.9%); and por- 
encephalus in 1 (1.9%). 

In this symptomatic group there were 14 (50%), who had seizure 
patterns. These seizure patterns consisted of 7 grand mal, 2 petit 
mal, and 8 psychomotor. In 2 patients there were 2 or more of 
these seizure patterns present. It thus may be noted that the 
occurrence of seizure patterns in the symptomatic epilepsy group 
was 21.2% less than in the idiopathic group. 

In the entire group of 52 patients there were 32 patients (61.5%) 
in whom E.E.G. seizure patterns were present; whereas in 20 
(38.5%) they were absent. In 6 cases, 2 or more types of seizure 
patterns existed. Grand mal patterns were found in 13 instances 
(23.4%); psychomotor waves in 19 patients (36.5%); petit mal in 
7 (13.4%); and 6-cycle waves in 4 cases (7.7%). 

In order to verify the existence of epilepsy during the latent 
period, artificial means of precipitating these convulsive patterns, 
or even of bringing on the convulsions, should he utilized. Hj'per- 
ventilation is the most simple of these methods. In this series 10 
were hyperventilated, and in 12 (75%) specific seizure patterns 
were so induced. These seizure patterns were: grand mal 3, petit 
mal 3, psychoraotor 5, and combinations of these in 1. 

In addition to the specific epileptic patterns present in the E.E.G., 
there were certain other abnormalities. Increased beta voltage 
was present in 13 cases (25%), 16 cases (30.8%) showed unequal 
alpha, 31 patients (59.0%) had delta patterns, and 12 cases dis- 
closed increased beta voltage combined with delta pattern. In 
only 2 instances was the E.E.G. entirely normal; both cases were 
traumatic.*^’*®’'''*’ 
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When unilateral lesions did not involve the occipital lobe, it 
has been reported that the affected side showed a much stronger 
alpha rhythm (Lemere).^® In our series, 16 patients showed dif- 
ferences in the alpha between the two occipital areas. In 8 of them 
the strongest alpha was on the side of the lesion, and in an equal 
number it was on the other side. In none of these cases was a lesion 
of the occipital lobe indicated. , 

In 33 patients delta and seizure waves originated in a circum- 
scribed area of the brain. Such an E.E.G. is defined as a focal 
E.E.G. In 6 cases there were 2 or more foci in widely separated 
regions of the brain that gave rise to delta and seizure pattern, and 
these were termed cases of multiple foci. There were 11 patients 
in which the delta and seizure waves alternated with normal wave 
patterns in all areas in the brain. This type was called “diffuse 
foci.” 

In 8 instances, 15.4%, a normal P.E.G. was found, while in 44 
(84.6%) some abnormality was noted. These abnormalities was 
noted. These abnormalities consisted of unequal ventricles in 35 
patients (67.3%), decreased cortical air in 18 patients (34.6%), 
hydrocephalus in 11 (20.4%), increased cortical air in 11 (20.4%), 
ventricular shift in 9 (17.3%), subdural air in 2 (3.8%), dilated 
third ventricle in 2 (3.8%), and a very small ventricle in 1 patient 
(1.9%). 

In those patients with unequal ventricles the E.E.G. did not 
demonstrate any consistent pattern. In those cases in which there 
was decreased cortical air, there was no pattern. diagnostic of such 
a change upon E.E.G. examination. 

Increased cortical air markings interpreted as atrophy occurred 
in 11 instances (20.4%). Rubin®® found it was possible to localize 
atrophy of the cerebral cortex in schizophrenic patients by com- 
paring the alpha rhythms of the various regions of the two hemi- 
spheres with each other. His findings were confirmed by P.E.G. 
in 8 out of 9 patients. Our study did not verify Rubin’s observa- 
tions. 

Ventricular shift was present in each of 9 patients (17.3%). 
^’entricular shift is caused by mass-displacing lesions, such as tumor, 
abscess or hemorrhage; by cerebral atrophy or cerebral cicatrix. 
In the mass-displacing lesions the shift is to the opposite side of 
the lesion, whereas in atrophy or adhesions there is a shift to the 
side of the lesion.'’ In 5 of these cases there was a mass-dis- 
placing lesion, and in 4 of them atrophy and cerebral cicatrix was 
present. In all 9 the E.E.G. accurately localized the side of the 
lesion. 

Hydrocephalus may be of a communicative or obstructive type. 
Obstructions may exist in the third ventricle, aqueduct, or sub- 
arachnoid channels. In this group there were 1 1 cases with hydro- 
('ephalus, 3 being of the congenital communicating type. In only 
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1 case was a foca! lesion demonstrated both by clinical and E.E.G. 
observation. In none of these was a focal lesion demonstrated by 
the air studies. Two of this group showed unequal ventricles. 
The E.E.G. demonstrated grand mal attacks in 2 instances, psycho- 






Fig. I.— Cnsc A. S. Porcncpphaiic cyst with generalized cpilep^j’. T!ie E.E.G. 
(elcctroenceplmJoRrani) shows crand mal waves in the left ocripita! and parietal rewon 
with irrcKuIar alpha on the richt side. The P.E.G. (pncunioencephaloRram) shows .a 
porencephalic cj'st in the riftht Iront.al region. 
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motor in 1, irregular alpha in 1, increased beta in 1, and diffuse 
abnormalities in 2. In the entire group of 11 cases, 4 demonstrated 
a superimposed beta on the delta with an increased beta voltage. 
This was also present in the 1 case of porencephalus (Fig, 1). 

In the series, the E.E.G. localized lesions in 33 cases (63.3%), 
the clinical findings in 31 (59.3%), and the air studies in 9 cases 
(17.2%). 

Localized abnormalities of the E.E.G. occurred in the prefrontal 
and premotor areas in 10 patients; motor area, 5; parietal-temporal, 
5; occipital, 5; suprasellar, 3. Clinical signs localized lesions in the 
prefrontal and premotor areas in 2 cases, motor area in 26, supra- 
sellar in 3. The P.E.G, localized lesions in the prefrontal and pre- 
motor areas in 2 instances; motor area, 3; suprasellar, 3; occipital, 1. 
It is quite apparent that in cases of convulsive disorders lesions are 
not found as frequently in the parietal-temporal and occipital areas 
as they are in the frontal lobe. 

In this entire series of cases there were 31 patients (59.6%) who 
had clinical focal epilepsy, and 21 patients (40.4%) who had clinical 
non-focal epilepsy. i- 

In 10 of the 31 cases of clinical focal epilepsy, the E.E.G. and 
the clinical signs localized the lesion in the same lobe. In 7 of the 
10 cases the P.E.G. also localized the lesions in the same lobe. In 
9 patients the clinical findings and the E.E.G. localized the lesion 
on the same, side, but the E.E.G. did not coincide with the clinical 
signs as to lobe involvement. In 2 of these 9 cases the P.E.G. and 
the clinical signs accurately localized the lesion, but the E.E.G. 
failed to do so. In 3 patients the clinical findings and the E.E.G. 
findings localized the lesions in entirely different places. In 7 
instances in Avhich the clinical signs definitely localized a single 
lesion, the E.E.G. showed abnormal electrical activity throughout 
the brain. In 1 case wherein the clinical signs definitely localized 
the lesion, the E.E.G. showed 2 separate areas of abnormal elec- 
trical activity, and in 1 case the clinical signs localized a lesion while 
the E.E.G. was normal. 

In the 21 cases in which the clinical signs showed no evidence of 
focal epilepsy, the P.E.G. also failed to demonstrate a focal lesion. 
The E.E.G., however, showed 13 cases in which the area of abnormal 
electrical activity was confined to one lobe; 3 instances of multiple 
foci, and 4 instances of the difi'use type. There was only 1 patient 
who had an entirely normal E.E.G. 

The E.E.G. was a definite aid in the localization of cerebral 
dysfunction. When the clinical findings and the air studies failed 
to demonstrate the area of abnormality within the brain substance, 
tlie E.E.G. frequently gave us evidence as to the location of the 
afiected area. 

Without tlie use of the P.E.G. many cases of convulsive seizures 
would be classified as idiopathic epilepsy because the e.xact intra- 
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cranial pathology is not apparent upon clinical study. The P.E.G. 
aids in segregating such cases as tumors, traumatic or porencephalic 
cysts, cerebral atrophies and cicatrix, and obstructive and com- 
municating hydrocephalus of varying grades.*"'-’-'*- 

_In 24 patients of idiopathic epilepsy, the P.E.G. revealed 10 
with unequal ventricles, 4 slight hydrocephalus, 5 decreased cortical 
air, 5 increased cortical air, 1 case of subdural air, and 4 normals. 
The abnormalities found in idiopathic epilepsy have been reported 
bv others 

The E.E.G. showed 6 patients with grand mal, 5 petit, mai, 
11 psychomotor, 8 unequal alpha, 3 increased beta, and 3 diffuse 
delta. None of these patients had normal E.E.G. Thirteen patients 
(42%) demonstrated focal abnormalities by clinical signs, while 
the P.E.G. failed to localize any specific lesion. 

Traumatic epilepsy may be focal or generalized. In cases of 
depressed fracture or gunshot wounds a local area of the brain is 
destroyed and there is a tendencj' toward focal con\mlsions (Glaser 
and Shafer).*® The percentage of patients with generalized convul- 
sions associated with cerebral concussion and trauma is low (1.8%) 
(Glaser and Shafer).*® Trauma maj^ produce generalized hydro- 
cephalus, localized areas of cortical atrophy, or meningo'cerebral 
cicatrix (Foerster and Penfield),*"* with migration of the ventricles 
toward the lesion and traumatic cysts. 

There were 8 cases of traumatic epilepsy in this series (Fig. 2). 
In 6 cases (88%) both the E.E.G. and the clinical findings accurately 
localized the lesions. In 3 of these the P.E.G. confirmed the diag- 
nosis. The P.E.G. abnormalities consisted of 7 instances of unequal 
ventricles, with 3 of these 7 having a shift to the side of the lesion, 
3 air, 1 subdural air and 1 traumatic cyst.®^ The P.E.G. was 
abnormal in all 3 patients, with traumatic epilepsy. The E.E.G. 
examination indicated 2 cases of grand mal, 1 psychoinotor, o 
unequal alpha, 2 increased beta, and 2 normal. These 2 patients 
were the only ones with normal E.E.G. in the entire series. 

Convulsive seizures are frequently associated with brain tumor. 
Sargent,'*'* in 240 cases, reported 30% of the patients with brain 
tumors developed epilepsy, while Parker®® in 313 cases reported 
21.0% developed epilepsy. Penfield, Erickson and Tarlov ,•'*■'* in 
703 cases of brain tumor, reported that tlie occurrence of convulsive 
seizures depended upon the location of the tumor as well as the 
pathology. Convulsive seizures were found in 37% of all intra- 
cranial tumors and 45% of all supratentorial tumors. Dowmaii 
and Smith® reported 39% had convulsions, of which 21% were focal 
in character. Sachs and Furlow®® found 34% of the patients with 
tumors developed con\'ulsions, while Peterman®® reported 2^% 
developed convulsions. 

The accuracy of the E.E.G. in localization of brain tumors has 
been reported by Jasper®* to be in the neighborhood of 90% to 9.)%: 
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Baldes ct a/d reported 86% accuracy. The localization of cerebellar, 
suprasellar and other subcortical lesions by the E.E.G. is still in 
the experimental stage.'**'^"’ 



R.P. f/V 


Fig. 2. — Case E. R. Depressed skull fracture over the richt motor are.a with 
riRht homiparesis. The epileptic seizures wore Reneralized, hut the E.E.G. demon- 
strated grand mal waves originating from the left motor area, thus coinciding with 
the clinical localization. The P.E.G. demonstrated a dilated left lateral ventricle 
with a shift to the loft. 

The E.E.G. in this series of 5 cases of brain tumor showed psycho- 
motor waves in 1 case, irregular alpha in 1, increased beta in 2. 
diffuse abnormalities in 2 (Figs. 3 and 4). Tlie air studies indicated 





R. 0. 





Fig. 3. — Case M. B. Meningioma situated in the right motor area directly in mid- 
line -with focal epileptic seizures. The E.E.G. and the P.E.G. all localized the Ic.'ion 
accurately. 

Legend ron Fig. 4. 

Fig. 4. — Case I. R- The patient h.ad a large .sphenoidal ridge meningioma situ- 
ated on the right side, the epileptic seizures were focal in character. The E.E.G. 
localized a deep-seated lesion in the right frontal area. The P.E.G. also indicatwi 
a deep-seated lesion situated over the right base. 

(710) 
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unequal ventricles in 3 cases, decreased cortical air in 3, hydro- 
cephalus in 1, and a normal P.E.G. in 1. This last patient had a 
pituitary tumor. Focal lesions were demonstrated by clinical and 
electrical studies in 5 patients, while the air studies localized the 
lesions in 4 of them. 




p 0. — rJ\f\^ 





Fig. 5. — Case H. G. Dilatation of the ventricles (left side lariter), nith ntropli.v 
due to a vascular lesion. Focal convulsions (loft). The E.E.G. shon's grand mnl 
and psychomotor waves over the entire left hemisphere. This coincided to a certain 
degree with the air studies, which indicated that the left lateral ventricle was larger 
than the right. It is interesting to note that the patient had left-sided focal attacks. 
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There is a group of children and infants with mental and physical 
retardation whose nervous system shows evidence of cerebral dam- 
age, which presumably dates from birth. The exact etiology of 
such conditions is difficult to ascertain, but they may be due to 
some vague intra-uterine condition, to degenerative diseases, develop- 
mental defects, anoxemia, or other causes of uncertain origin. 

The conventional diagnosis of feeble-mindedness, or cerebral 
palsy, does not define the anatomical defect, or the physiologic 
residue. The P.E.G. may be entirely normal, or demonstrate 
certain anatomic changes within the brain. These abnormalities 
consist of variations in the size and shape of the ventricles, and 
the subarachnoid space. The dilatation of the ventricles in these 
cases is rarely due to obstruction, but is usually caused by atrophy 
with a compensatory enlargement.* 

Six mentally defective children had focal lesions demonstrable 
by the E.E.G. in 5, by clinical signs in 4, and in none of them by 
the air studies. The P.E.G. findings consisted of 4 cases of unequal 
ventricles, 1 with slightlj" dilated ventricles, 2 with decreased cortical 
air, 1 with increased cortical air and 1 normal. E.E.G. findings 
were abnormal in all 6 cases. The abnormalities were petit mal 1 , 
psyehomotor 3, unequal alpha 1, and diffuse delta in 1. 

Cerebralvascular lesions consisting of thrombosis or embolus 
may cause a local atrophy with the resulting dilatation and migra- 
tion of the ventricles, cysts, dilatation of both ventricles and cortical 
atrophy. In some instances the ventricular system may lie entirelj’^ 
normal. In the 4 cases of this series, 2 patients had unequal ven- 
tricles, as well as increased cortical air. The other 2 patients had 
entirely normal P.E.G. The E.E.G. revealed 1 case of grand mal, 
2 cases of psychomotor patterns, and 3 instances of diffuse delta 
activity. In 3 instances the clinical signs demonstrated focal 
lesions, while the E.E.G. and the P.E.G. only demonstrated a focal 
lesion in 1 case (Fig. 5). 

Summary. 1. The electroencephalogram (E.E.G.) pointed to 
focal epilepsy in 33 of our 52 cases (63.3%); the clinical findings in 
31 (59.6%); and the air studies in 9 (17.2%). 

2. The pneumoencephalogram (P.E.G.) was normal in S cases 
(15.4%) and the E.E.G. was normal in 2 cases (3.8%). 

3. Of 32 patients, 61.5% had seizure patterns upon electro- 
cncephalographic examination. We would expect a greater number 
of seizure patterns if it had been possible to hyperventilate each 
case. 

^4. Of the 52 cases, 24 (46.2%) were classified as idiopathic 
epilepsy, of which 18 (75%) had seizure patterns; 28 (53.8%) had 
symptomatic epilepsy of which 14 (50%) had seizure patterns. 

5. Delta patterns were present in 31 (59.8%); unequal alpha in 
16 (30.8%); increased beta voltage in 12 (23.5%). 
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6. From a clinical standpoint, 31 patients (59.6%) had focal 
epilepsy, and 21 patients (40.4%) had generalized epilepsy. 

7. The E.E.G. demonstrated areas of abnormal activity in 30 
of the 31 cases of focal epilepsy, and 20 of the 21 cases of non-focal 
epilepsy. In those with non-focal epilepsy, the E.E.G. was the 
onty evidence that areas of abnormal activity existed in the brain. 

8. In the cases of this series the abnormalities, as indicated by 
the three tests, were more frequently located in the frontal lobes. 

9. Patients with either idiopathic or sj^mptomatic epilepsy pre- 
sented the same types of clinical convulsions and the same types of 
electrical seizure patterns; and hyperventilation induced all types 
of seizure patterns. 

10. The P.E.G. demonstrated ventricular shifts in 9 cases. The 
E.E.G. localized the side of the lesion in each instance. Specific 
electroencephalographic abnormalities were not found in patients 
with increased or decreased cortical air or unequal ventricles. 
Severe hj’drocephalus showed increased beta voltage combined with 
delta. 
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THE EFFECT OF SULFONAMIDES UPON ARTIFICIAL FEVER 

PRODUCED BY PEPTONE IN ANIMALS* 

Ey Eldon M. Boyd, M.A., M.D., C.M. 

I’ROFESSOR OF PHARMACOLOGY, QUEEn’S UNIVERSITY 
AND 

John S. Pbatten, M.D., C.M, 

RESEARCH ASSISTANT IN PHARMACOLOGY, QUEEN’S UNIVERSITY, 

KINGSTON, ONTARIO, CANADA 

The investigation reported here represents a delayed stud\' of a 
clinical antipyretic action noted in the late spring of 19.3() with 
two sulfonamides, “P.T. 353,” and “P.S. 364” later called Prontosil 
and Prontosil-Soluble, provided through the courtesy of Professor 
IT. Horlein in May, 1936. The fall in febrile body temperatures 
seen in those early days suggested that these drugs might be acting 
upon the hypothalamic temperature centers. Substantiating this 
suggestion were the early toxicologic studies of Halpern and Mayer,' 
which indicated that large doses of sulfonamides (sulfanilamide) 
had a subcortical site of action in the central nervous system. A 
marked fall in the normal body temperature of mice, rats, guinea 
liigs, rabbits and cats has been reported with large, lethal or sub- 
lethal doses of sulfonamides by several authors.- In all of these 
animal experiments, the dose of sulfonamides employed was a very 
large one, being many times the maximal therapeutic dose per 
unit body weight as used in human therapeutics, and it is cpiite 
possible that the lowering of body temperature was part of a shock 
syndrome which may accompany the administration of excessive 
amounts of many drugs. 

* This paper was presenteti at (ho . 41111113 ! Meeting of the .\inericaii Society for 
Phannacologj’ and Exporimonta! Thor.apeutics, Boston, .Vpril, 1912. 
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There is abundant evidence that sulfonamides reduce febrile 
temperatures in animals or patients host to those infections toward 
which the sulfonamides are specific chemotherapeutic agents. There 
is little experimental evidence to indicate whether these drugs in 
therapeutic doses act upon the temperature-controlling mechanism 
of the body per se or upon the pathogen producing the fever. Beeson 
and Janeway® gave various sulfonamides to rabbits in doses which 
were not stated in relation to body weight but which would prob- 
ably correspond to about 0.5 gm. per kilogram by mouth and they 
got little effect upon normal body temperature or upon artificial 
fever produced by typhoid vaccine. The drugs were also injected 
intravenously and then it was found that sulfapyridine had an 
antipjTetic action in rabbits. The number of animals used was 
not stated. 

Method. Experiments will be described in which various sulfonamides 
were given by mouth (stomach tube) at a dose of 0.1 gm. per kilo body 
weight of albino rats, rabbits and cats. Each experiment consisted of a 
group of 4 animals whose rectal temperatures were recorded at inter\'als 
of ^ hour throughout the day. The first animal was given an intramuscular 
injection of 1 gm. of peptone per kilo body weight and 2 hours later, Avhen 
body temperature was rising rapidly to febrile levels, a sulfonamide W8.s 
given by .stomach tube. The second animal was given peptone only. The 
third animal received no peptone but was given the same sulfonamide and 
at the same time as animal number one. The fourth animal received 
neither peptone nor sulfonamides. This experiment was repeated to a 
total of at least 10 times with each sulfonamide and the mean changes in 
rectal temperature were then plotted against time. 

Results. Siilfmiilamide. Sulfanilamide had no outstanding effect 
either upon normal body temperature or upon the febrile tempera- 
ture of peptone fever in rabbits. A number of normal rabbits 
showed a slight febrile reaction to sulfanilamide 4 or 5 hours after 
giving tlie drug. Sulfanilamide also had no antipyretic action 
toward peptone fe\'er in albino rats. The rectal temperature of the 
albino rat was found to decline irregularly during the morning hours 
and the resulting cun'es were not as steady as for rabbits. Peptone 
produced a good artificial fever in cats and sulfanilamide had no 
antipyretic effect toward this fever. In normal cats, sulfanilamide 
produced quite a pronounced febrile reaction. These results 
demonstrate that sulfanilamide in a dose of 0.1 gm. per kilo by 
mouth, usually the maximal human therapeutic dose, has no anti- 
pyretic effect toward peptone fever in albino rats, rabbits and cats 
but that it may have a febrile effect upon normal body temperature. 

SnljapyruUnc. The results with sulfapyridine were somewhat 
\'ariable. In rabbits sulfapyridine sometimes had an antipyretic 
effect toward peptone fever and at other times no effect. On the 
average, there was a slight decline in the peptone febrile temperature 
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after giving this drug. The differences between rabbits may have 
been due to differences in the rate of gastro-intestinal absorption 
of the drug since sulfapyridine is well known to be erratically 
absorbed from the intestinal tract. Sulfapyridine had no effect 
upon the normal body temperature of rabbits. In the albino rat 
sulfapyridine had no effect upon normal body temperature nor 
upon artificial fever induced by peptone. The different responses 
of rabbits on the one hand and albino rats on the other may be 
related to the greater susceptibility of rabbits than albino rats to 
sulfonamides.^ 

Sidfaihiazole. Sulfathiazole in doses of 0.1 gm. per kilo had no 
effect upon the normal body temperature of rabbits nor upon the 
febrile temperature of peptone fever. A similar result was obtained 
in the albino rat. 

Sulfadiazine. Sulfadiazine, provided through the courtesy of 
the American Cyanamid Company, had no antipyretic effect toward 
peptone fever in rabbits and no effect upon normal rectal tempera- 
ture in the dose employed. 

Sulfaguanidine. Sulfaguanidine Avas provided through the cour- 
tesy of E. R. Squibb and Sons of Canada, Limited, and it was found 
to have no effect toward peptone fever in rabbits and no effect 
upon normal body temperature. 

Parabenzykidfanilamide. Parabenzylsulfanilamide was provided 
by Poulenc Freres of Canada, Limited. It is variously known as 
Proseptazine, Septazine, M and B 125 and 46 R.P.'* In rabbits it 
had no antipyretic action toward peptone fever and no effect upon 
normal body temperature. 

Para.snccmyhndfunihmide. Parasuccinylsulfanilamide was pro- 
vided some years ago through the courtesy of Gedeon Richter, 
Limited, of Budapest, under the name of Ambesid. It had no 
antipyretic action toward peptone fever in rabbits but produced 
a definite and marked rise in normal body temperature. 

Promin. Promin, the sodium salt of p,p'-diaminodiphenyl- 
sulfone-N,N'-didextrose sulfonate, was provided through the 
courtesy of Parke, Davis & Company. It had a slight pyretic effect 
in normal rabbits but no effect upon peptone febrile temperature. 

Sulfacetamide. Sulfacetamide is sulfanilamide with the amide 
nitrogen acetylated and should not be confused with the acetylated 
sulfanilamide of blood and urine during sulfanilamide therapy. 
The latter substance has the acetyl group attached to the para- 
amino nitrogen. Sulfacetamide was used in Europe in 1938 under 
the name Albucid and has recently been introduced into Canada 
under the name Sulamyd; it Avas provided through the courtesy of 
Scliering (Canada), Limited. It had no antipyretic action toward 
pcjitone fever but had a mild febrile effect upon normal rabbits. 



718 BOYD, PRATTEN: .SULFO^^AiM^DES IN’ ARTIFICIAL FEVER 


Sidfanilyl-dimethylsulfanilamide. Sulfanilj^l-dimethylsulfanilamide 
is one of the disulfanilamides also known as Diseptal C, Disulon and 
more commonly in Europe as Uleron or Uliron^ where it has had 
extensive trial in the therapj-- of gonorrhea. It was provided 
through the courtesy of the Winthrop Chemical Company. It was 
found to have no 'effect upon the bod.>' temperature of normal 
rabbits nor upon the febrile temperature of rabbits gi\'en peptone. 

Azosidjamide. Azosulfamide is the second sulfonamide described 
by Domagk and is known under various synonyms^ such as Pron- 
tosil Soluble, Neoprontosil and Streptozon-S. It is a red, water- 
soluble azo compound provided through the courtesy' of the AVin- 
throp Chemical Company. It was found to have no effect upon 
peptone febrile temperature in rabbits but had a pronounced febrile 
reaction in normal rabbits given by mouth and, as with the other 
sulfonamides, at a dose of 0.1 gm. per kilo body weight. 

Sulfonamide EOS. Sulfonamide EOS is the paramino sodium 
ethjd sulfonate of sulfanilamide. It is a palatable, water-soluble 
sulfonamide, especially useful in treating infants. It was provided 
through the courtesy of Imperial Chemical Industries, Limited, of 
Manchester, England. This sulfonamide also had no effect upon 
peptone fever nor upon normal body temperature of rabbits given 
in doses of 0.1 gm. per kilo by stomach tube. 

Summary. Sulfanilamide, sulfapjTidine, sulfathiazole, sulfa- 
diazine, sulfaguanidine, parabenzylsulfanilamide, parasuccinyl- 
sulfanilamide, promin, sulfacetamide, sulfanilyl-dimethylsulfanila- 
mide, azosulfamide and sulfonamide EOS were given by mouth 
in doses of 0.1 gm. per kilo body weight to rabbits and, in some 
instances, albino rats and cats, with an artificial fever induced by 
the intramuscular injection of peptone and with suitable controls. 
Body temperature was recorded rectally at intervals of 0.5 hours. 

The only sulfonamide which, at this dose, had any antipyretic 
effect toward peptone fever was sulfapyridine, and it e.\'hibited this 
effect only upon some rabbits and not at all in albino rats. 

Sulfanilamide, parasuccinylsulfanilamide, promin, sulfacetamide 
and azosulfamide were found to exhibit varying degrees of pyrexia 
in normal animals. 

The authors wish (o acknowIcdRc the assistance of Messrs. E. Ew.'trl, KironR Lee, 
R. Notman, C. Reich and W. Wigle. 
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ALCAUGENES F^CALIS BACTEREMIA 

By Norton W. Voorhies, M,D, 

AND 

Carl J. Wilen, M.D. 

NEW OHLEANS, LA. 

(From the Department of Medicine, Tulane University Medical School and 

Charity Hospital) 

The AJcaligenes fsecalis group of organisms is generally classified 
as being intermediate in their morphologic and cultural character- 
istics between the colon and the Brucella groups. They are gener- 
ally considered to be saproph 3 i;es and non-pathogens. . 

Petruschky (1896) first isolated the organism from human feces 
and stale beer. Standard textbooks of l^acteriology'® describe tlie 
Alcaligenes fascalis organisms as Gram-negative rods, variable in 
size and usually larger and thinner than B. coH and the ends are less 
rounded. The organisms are motile and may show peritrichate 
flagella. Colonies groAV well on agar slants and show a raised cen- 
tral portion and a spreading undulate edge. Neither gas nor acid 
is produced in any of the usual carbohydrate fermentation tests or 
substrates. Litmus milk is rendered alkaline and a brown pigment 
is produced on potato media which is characteristic. However, it 
is generally conceded that the.se organisms are not a sharply defined 

group.*2 

Pathogenicity. It seems to be well established that Alcaligenes 
faxalis on occasion can be definitely pathogenetic. It may give rise 
to a variety of disease conditions. For example, meningitis has 
been reported by Spray and Hawk,*® also by Gatewood,® and Mason.® 
Anderson' cultured the organism from the blood of 2 patients who 
exhibited a syndrome simulating rheumatic polyarthritis. The 
organism was found in the blood of a patient with acute hepatitis 
and jaundice by McIntyre.'® An Alcaligenes type bacillus was 
cultured from the blood of a patient Avith a typhoid-like state by 
Hazen and Mortillaro,® and others," and also from cases of acute 
gangrenous appendicitis by Emil Weiss.®® It Avas considered the 
cause of death in a case of protracted sepsis reported by Goldiicrg.' 
Gall stones® and a renal calculus'' Avere found to harbor the organism. 
The bacillus has been considered the pathogenic agent in certain 
types of infant summer diarrheas'® as A\’ell as the cause of a few cases 
of adult enterocolitis.'® PositiA’c stool cultures have been reported 
in a fcAv cases of convalescing typhoid fever and bacillary dysentery.® 
The close morphologic and cultural relationship betAveen certain 
strains of the Bacillus alcaligenes group and the bacillarA- organisms 
associated Avith dog distemj)er has been pointed out.’® 

Case Report. Tlie patient, a AA-hitc male, aged .30, Ava.‘'- admittc<l to the 
hospital on .Tune 1.0, 1941, complaining of difTn.'^e epigastric pain and fcA'er 
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of 3 days’ duration. His wife and 5 children were in good health. He had 
worked as a baker during* his entire adult life in a small town north of 
New Orleans. 

On physical examination his temperature was 101.6°, pulse 110, B.P 
125/80, and respiration 20. He w'as well developed and well nourished. 
There was_ no lymphadenopathy. The heart and lungs were negative. 
No abdominal tenderness could be elicited and the spleen could not be 
palpated. The genitalia and the extremities were likewise negati^'e. 

During his first hospital stay which lasted about 8 weeks the patient had 
a remitting type of fever which ranged from 99° in the morning to 101° 
to 103° in the evening. Several times a week the patient experienced 
shaking chills. The epigastric pain lasted 3 days and was followed by a 
dragging sensation in the left hypochondrium which persisted in a varjdng 
degree for 18 daj's. The spleen was palpable for a short time during this 
period. 

Agglutinations for typhoid, paratyphoid, undulant fever, tularemia and 
bacillarj' dysentery were negative. The skin test for undulant fever was 
negative; the urine and stool were negative, on culture as well as micro- 
scopic examination. 

The red blood cell count was 3,660,000 and the hemoglobin 12 gm. The 
white blood cells numbered 5400 (60% neutrophils with a moderate shift 
to the left). Multiple smears of the blood w'ere negative for malaria. The 
chest Roentgen raj* film -was negative. Of 6 blood cultures, 4 yielded no 
growth, but 2, collected on July 16 and 17, were positive for an organism 
which grew' w'ell on brain broth, 5% dextrose agar, lactose agar, and beef 
infusion agar. The organisms were slightly motile Gram-negative rods 
W'hich showed moderate variation in size. No fermentation occurred in 
dextrose, lactose, sucrose, maltose, mannite, rhamnose, xj^lose or dulcital. 
Litmus milk w'as alkalmized in 4 days, and gelatin w'as slightlj’ liquefied 
in 24 hours. The colonies on agar were discrete and grayish and 1 to 2 mm. 
in diameter in 24 hours. On the basis of these findings the organisms were 
tentatively classified as belonging to the Alcaligenes fxcalis group. An 
agglutination test using the patient’s serum and the culture organisms wa.s 
found to be negative. As the attending staff felt that these organisms were 
probably contaminants, and the clinical picture closely resembled malaria, 
it was decided to try a course of quinine. Quinine sulphate was given in 
therapeutic doses. There was a sudden drop in the patient’s temperature 
to normal which lasted until the time of discharge on August 15. He was 
instructed to continue quinine medication at home. 

The patient was readmitted to the hospital on August 21, 1941. He 
stated that while at home he wms wdthout fever for 2 days, then the fever 
(102°) returned each afternoon, preceded by a chill. After 3 daj's of chills 
and fever, he decided to return to the hospital. During this second admis- 
sion which lasted 39 daj's, the patient’s condition grew' progressivelj' worse. 
Anemia, toxemia and anorexia were now present and there occurred a 
30 pound loss in w'eight. 

The red blood cell count W'as 3,300,000; hemoglobin 9 gm. The white 
blood cell count wa.s 8000 (82% neutrophils). The urine showed occasional 
granular casts and a few' w'hite blood cells and red blood cells. Cj'stoscopy 
was performed on September 4, because the patient had complained of 
tenderness in his right flank. Urine cultures from each kidnej' and retrm 
grade pj'elograms proved negative. Proctoscopy revealed a nonnal bowel. 
The tuberculin test 1 to 1000 O.T, was also negative. The agglutinations 
were repeated and again found negative. The skin test and the op.sonq- 
cj'tophagic index for undulant fever were again reported negative. Six 
blood cultures failed to show' a grow'th but 2 w'ere positive for an organism 
having the characteristics of Baalim alcaligenes fxcalis. 
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The patient was given sulfanilamide 60 gr. for 3 days then 30 gr. dailj- 
thereafter. There was a drop in temperature to normal for 3 days with a 
subsequent evening elevation of about 100°. The patient was discharged 
on September 29 Avith a loAv-grade feA-'er. Sulfanilamide AA-as discontinued 
on the day of discharge. 

The patient remained at home for 20 days and the fever continued AA’ith 
a small afternoon rise to 100°. Eight days before the third admission the 
fever reached 105 ° and aa^hs associated AA'ith chills and sAA'eats. On October 20 
he again sought admission. At varjdng times AAdiile at home he experienced 
severe aching pain of the left chest AA'ith the ascent of fcA'er. Later there 
AA'as aching of the left fourth toe and small toe but no SAA'elling of the joints. 
The ball of the left foot AA'as sAA'ollen and tender for 2 da5's. 

On admission the spleen could be palpated and a soft sj'stolic murmur 
could be heard at the apex. Sulfanilamide AA-as started the daA' after ad- 
mission but AA'as discontinued 13 days later as it seemed ineffectiA'e. For 
10 days he received no medication and then sulfadiazine 15 gr. q.i.d. AA'as 
begun and continued until time of discharge on December 19. There Avas 
a drop in the temperature to normal 8 hours after the initial dose, and 
e-xcept for slight elevations to 100° on 3 occasions, it remained normal. 
During the time that the patient AA'as receiA'ing sulfanilamide medication 
he had pain and sAvelling of the right ankle joint Avhich lasted 2 days. 
Five days later there AA'as tenderness and pain of the left knee and hip 
joint but no SAA'elling. This subsided in 3 da 3 's. SAvelling and pain of the 
first and second right metacarpophalangeal joints A\'ere present on Novem- 
ber 15 and 16, during sulfadiazine therapj'. 

On NoA'ember-29 the patient complained of headache and on the foUoAA'ing 
day the headache AA'as more seA'ere AA'ith definite stiffness of the neck and 
suggestiA'e Kernig’s and Brudzinski’s signs AA'ere present. Spinal puncture 
revealed a pressure of 250 mm. of AA'ater Avith normal mechanics. The fluid 
Avas hazy and contained 1000 cells per c.mm. with 65% poljnnorphonuclears 
and 25% lymphocj'tes and 10% unidentified cells. No organisms AA'ere 
present on smear or culture. FeA'er of 100° to 101° was present, but 
2 days later the temperature AA-as normal, and 4 daj'S later all suggestiA-e 
meningitic s 3 'mptoms had disajjpeared. 

During the third and last admission all of the usual laborator 3 ' procedures 
AA’ere repeated. Tins included agglutinations, urine and blood counts. All 
AA'ere reported normal. Six blood cultures AA'ere done and all AA'ere negative 
except one obtained on October 20. This culture Avas positiA-e for B. alcalr- 
gencs fiecalis AA-hich made a total of 5 positive blood cultures for this organ- 
ism. Gastro-intestinal Roentgen ra 3 's AA'ere normal and roentgenograms 
of the joints and large bones Avere negatiA-e. 

The patient Avas discharged on December 19 as afebrile and Avith no com- 
j)Iaints. During the 2 AA-eeks prior to discharge he had gained 15 pounds 
in Aveight. He AA-as readmitted on Januar 3 ' 31, 1942, for a checkup. The 
ixatient Avas afebrile. The blood counts Avere normal. There had been a 
progre.ssive gain in AA'eight and the patient felt Avell. 

Comment. case is of interest because of tlie long duration 

(4 months) of the febrile course and the multiplicity of the SA'inj)- 
foins. In the majoritA' of the other cases reported in the literature 
which AA'e Avere able to stuclx', the duration of the septicemia ranged 
from 2 Aveeks to 2 inontlis. The striking symptoms in our case 
Were the shifting polA'arthritis AA'hich dcA'eloped during October and 
inA'oh'cd successiA'elA- the toes of the left foot, right ankle joint, 
left knee and hip joints and the right metacarpophalangeal joints. 
These symptoms elosel\' resembled those reported as occvirring in 

voi,. 204. so. .'i. — sovF.Mjir.ii. 1042 24 
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Anderson’s cases.^ The joints showed local redness, heat, pain, 
and slight swelling but there was no e%ddence of joint damage. Of 
interest also were the development of signs and symptoms as well 
as laboratory evidence of meningitis which occurred during the 
second week of sulfadiazine therapy. In the 3 reported cases of 
Alcaligenes fascalis meningitis, 1 occurred following an otitis media,’® 
another complicated a meningocele,® and the third followed a crani- 
otomy.* These cases suggest the possibility that trauma to the 
central nervous system paved the way for invasion by the mildly 
pathogenic Alcaligenes fsecalis although this was not true in our case. 

Many reports have pointed out the similarity between B. akali- 
genes fsecalis septicemia and mild typhoid and paratyphoid fever. 
In our case, the persistent fever, slowly progressive toxemia, low 
w'hite count, mild anemia, splenomegaly, and increased erythrocyte 
sedimentation rate were all suggestive. Marshall® has stated that 
many cases of clinically mild typhoid or paratyphoid fever which 
the laboratory fails to confirm, if studied carefully, wnll prove to he 
Alcaligenes faecalia infections. We are inclined to agree with this 
statement. It is of interest to note that Ravenel’^ reported finding 
lesions typical of early typhoid fever in an autopsy of a patient 
dying of Alcaligenes fsecalis bacteremia. 

At various times during his illness the patient had pain in the 
right flank, and on No\'ember 13 the urine was reported positi\'e 
for white and red blood cells. The same findings were noted on 
several subsequent examinations and although repeated urine cul- 
tures were negative, we felt we were justified in assuming that a 
loiv-grade urinary infection was present, ivhich w'as probably due to 
the same organism isolated from the blood stream, Stuart, Thomp- 
son and Krikorian”' reported a case of urinary tract infection in 
which the organism was cultured from the urine; they were also 
successful in isolating the B. alcaligenes fseealis from a stone removed 
at operation from the left kidney. 

h'lany bacteriologie texts express doubts that specific agglutinin.s 
develop in patients with B. alcaligenes fsecalis infections; however, 
Wyatt and Stuart,®’ also Thompson and Krikorian'^ and others 
have found agglutinins present in low titer. Our case did not show 
agglutinins. 

We are at a loss to explain the varied responses to the therapeutic 
agents used. Quinine was used empirically with what was thought 
at first to be a good result; however, the subsequent course of the 
illness proved rather definitely that this drug was of no value, and 
that the drop in temperature was not due to the specific effect of 
the quinine. Sulfanilamide was without any prolonged cflcct .since 
fever as well as other symptoms of the illness persi.sted in spite of 
the presumably adequate dosage. 

All symptoms of the illness promptly disappeared after the 
administration of sulfadiazine. This of course excejits the episode 
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of meningitis which occurred after 18 days of sulfadiazine therapy. 
Five blood cultures have been reported negative since the use of 
the drug, and on follow-up examinations during a 3-month period, 
the patient has been found to be asymptomatic. However, it is a 
question in our minds whether sulfadiazine had anything specific to 
do with the ultimate recovery of the patient. 

Summary and Conclusions. A case of bacteremia due to a Bucil- 
ahaligcncs fxcalis type organism has been presented. The 
bacteremia and fever lasted for 4 months; the interesting manife.sta- 
tions were a polyarthritis and meningitis. Following the use of 
sulfadiazine the sj^mptoms disappeared and the blood cultures 
became sterile. 
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THE EFFECT OF THE HYDROGEN-ION AND STARCH CON- 
CENTRATION OF THE SUBSTRATE ON SERUM AMYLASE 
AND AMYLASE-ACCELERATOR OF SERUM 

By Wilbuut C. D.wison 

rUOFESSOn OF PEDlATniCS, DUKE UNIVERSITY SCHOOL OF MEDICINE, 

DURHAM, N. C. 

(From the Departments of Pediatrics of the Johns Hopkins and Duke Universities) 

A STARCH-SPLITTING fcrmeut, diastase, or more accurately, 
amylase, was first found in the blood by Magendie in 184{).‘ It 
apparently is partly or wholly of pancreatic origin, aiul its amount 
is increased by ligation of the pancreatic ducts,® and is increased or 
decreased by pancreatic disease, cysts and tinnors.^-^’^ ’^ '^ 
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The great i^ariability in the observations on the amylase content 
of the blood serum may be ascribed, in part at least, to the I'arious 
methods used,^ and especially by the reaction and the concen- 
tration of the substrate. As may be seen in Table 1, in which are 


Table 1.— Effect of the Hydhogeh-ion Concentration on the Stahch-liqhe- 
pnNG AND Amylase-accelerating Actiahty of Normal HtJ^LiN Serum. 


pH of 
starch 
substrate 

Percentage con- 
centration of 
starch substrate 
(and date of 
titration) 

Amylase 
unitsa in 
normal hu- 
man serum 
(per cc.) 

Amylase units 
per cc. of 
duodenal 
contents 6 

Amylase units in 
same duodena) 
contents -f- 
0.3 cc. normal 
human eerum e 

Amylase- 
ac^lerating 
units per cc. 
of nonnal 
human serum 

1 

PercMtage in- 
crease in amylase 
units product by 
0.3 cc. norma! 
human serum 

3.0 

6 (1/9) 

-i-/i 

-fA 


1 


4,0 

6 (1/9) 

-1- 





4 8 

6 (2/13) 

0 

30.8 

204,0/ 

571 , () 

562 

S.O 

6 (1/16) 

0 

27 0 

102.4(7 

248.8 

2S0 

5.6 

2 (12/1) 

11.3 





5.7 

4 (2/4) 

4- 

141 2 

296.4 

512 2 

110 

5.7 

6 (1/7) 

+ 

75.0c 

80.0c 

16.5 1 

7 

6.0 

6 (1/9) 

1.5 



t 


6.2 

6 (1/13) 

+ 

141.2 

200.0/ 

194.0 i 

41 

6.2 

6 (1/16) 


160.0 

184. 4ff 

80.5 j 

15 

6 3 

4 (2/4) 


204.2 

235 2 

102 3 1 

15 

6.4 

6 (1/9) 

0 



j 


6.8 

4 (2/4) 


214,4 

300.0 

282 5 ■ 

40 

7.0 

6 (1/9) 

+ 



i 


7.0 

4 (2/9) 

+ 

220.8 

371 2 

496 3 1 

68 

7.0 

4 (2/16) 

+ 

31. Id 

79.4 

159.4 1 

155 

7.2 

6 (1/13) 

+ 

220.0 

120 0/ 

-330.0 ! 

—45 

7.2 

6 (1/16) 

+ 

150,0 

252 . 8(7 

339.2 

69 

7.3 

4 (2/4) 


207.2 

287.2 

266.6 1 

39 

7.8 

6 (1/13) 

. . 

120.0 

80.0/ 

-132 0 1 

-33 

7.9 

6 (1/16) 


75.0 

141.2(7 

218 5 1 

88 

8.0 

6 (1/9) 

14 2 



' 


8.0 

4 (2/4) 


77 6 

196 8 

393.4 1 

154 

S.O 

6 (1/13) 


47,2 

80.0/ 

lOS 2 

69 

8.6 

6 (1/16) 


45.0 

84.0(7 

128.7 1 

1 

87 


a A unit of amylase is the amount iv-hich requires 60 minutes to produce a 20% 
reduction in the viscosity of a starch substrate.*.* ’^ 
b 0.1 cc. of duodenal contents (except 2 titrations c, d) and 0.3 cc. water' were 
added to 10 cc. of 2% to 6% starch suspensions and the amylase activity deter- 
mined viscometrically at 34° The duodenal contents were collected 12/3 

from an Infant, kept in a refrigerator, and diluted 1 to 4 with saline before being 
titrated (H. L.H. No. 40773, 18 months of age, normal digestion, diarrhea during 
the previous summer). 

c Amylase units per cc. of 1% taka-diastase (diluted with saline). In the ^riim 
amylase-accelerating titration, the enzjTne and serum were mixed 15 minutes 
before being added to the starch suspension. 
d Amylase units per cc. of 0.2% holadin (diluted with saline), 
e 0.1 cc. of the same duodenal contents b and 0.3 cc. pooled normal human scrum 
were mixed and (except in 11 titrations c,/, p) immediately added to 10 cc. of 
2% to 6% starch suspensions, and the amj'lase-accelerating activity determined 
x'iscometrically at 34° C.> o,o/- 

/ The amylase activity of 0.3 cc. serum was titrated for 90 to 120 minutes at .34 C.. 
and then O.I cc. duodenal contents was added to the mixture, and its amylase 
activity retitrated at 34° C. The final reaction of the iiH 4.8 mixture was pH .•).<>. 
and that of the pH S.O mixture was pH 8.2. 
ff 0.1 cc. of the duodenal contents was mixed with 0,3 cc. pooled normal human 
■ serum 30 minutes before being added to the starch suspensions. 

A -f indicates that amylase was present, but that it was less than 1 unit per cc. 
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tabulated the results of 25 viscometric titrations- of the amylase 
in pooled normal human serum at hydrogen-ion concentrations 
from 3.0 to 8.6, the amount of serum amylase is irregularly affected 
by the reaction of the substrate. At pH 4.8, 5.0, and at 6.4, no 
serum amylase could be demonstrated, and only at pH 5.6, 6.0 
and 8.0 were the amounts sufBeient to record in units.--®-’- The 
variation in these results also was increased by differences in the 
concentration of the substrate (2% to 6% starch). 

In addition to amylase, human serum contains an amylase- 
accelerator,’-®-’®-’® i. e., the addition of serum to duodenal contents 
increases their starch-liquefying activity to a greater degree than 
can be explained by the amylase content of the added serum 
(Table 1). This amylase-accelerating strength of normal human 
serum is greatest at pH 4.8. Large amounts also are present at 
pH 5.0, 5.7, 7.0 and 8.0; it is apparentb^ absent at pH 7.2 and 7.8. 
The optimal reaction of human duodenal contents is pH 7.0.” 

Conclusion. Serum amylase and amylase-accelerator results in 
order to be comparable should be obtained by titrations made at the 
same reaction, and with the same preparation and concentration 
of starch. 
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THE SIGNIFICANCE OF THE SO-CALLED P-PULMONALE 
PATTERN IN THE ELECTROCARDIOGRAM* 

By I. H. Shleser, M.D. 

AND 

B. Langexdorf, IH.I). 

CHICAGO. ILL. 

(From the Cardiovascular Department. Michael Reese Hospital) 

The clinical recognition of cardiac involvement due to chronic 
lung disease has recently been aided by radiologic studio.-^,®’ includ- 

* Aided by fhe A. D. Xast and Emil and Fanny Wcdelos Funds for Carditn-n.'^'-ul.-ir 
Re.'c.arch. 
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ing direct visualization-* of the chambers of the heart, and b.v tlie 
use of ether for determination of the pulmonary circulation ti'me.-^ 
However, little attention has been paid to the electrocardiogram 
in this condition. The majority of authors-''*-^'”--''*®'®*'*'’^^ reporting 
on the electrocardiogram have discussed the presence or absence of 
changes in the ventricular complex indicative of strain on the right 
ventricle. The first to draw attention to the occurrence of typical 
changes in the P waves in bronchial asthma was Kahn.’® j\I.' Win- 
ternitz'*® described a characteristic pattern of the P wave in the 
limb leads, consisting of a small upright P in Lead I and tall upright 
peaked P waves in Leads II and III, all of normal duration; this 
combination was designated as P-pulmonale and the changes were 
attributed to strain on the right auricle. This contour contrasts 
with the broad notched upright Pj and Po characteristic of left 
auricular strain seen particular!}' in cases of rheumatic mitral 
stenosis. 

This P-pulmonale pattern has in recent years been noted by 
various authors, but there has been no 
unanimitj' as to its frequency or diagnostic significance. Parkinson 
and Hoj'le®^ found this pattern in only 4 of the 60 cases of emphy- 
sema. Harkavy and Romanoff‘S described 15 such cases in their 
series of 50 patients wdth bronchial astlima and drew’ attention to 
the transitory nature of this contour which occurred onlj’ duping 
the asthmatic attack in the majorit}' of cases. XordenfelP®”‘ 
denied the specific significance of this P pattern and claimed that 
such P waves occurred frequently in the absence of pulmonary 
disease in individuals ha^'ing a labile sympathetic nervous tone. 

This discrepanc}' in the literature suggested the present study in 
w’hich the incidence, constancy and diagnostic value of this P-wave 
pattern w-as analj’zed by selecting 50 consecutive cases with this 
contour and determining the clinical and, where available, the 
autopsy findings. 

Criteria Employed. The 50 consecutive records were obtained from tlic 
routine tracings taken in the Heart Station during the past 2 years which 
fulfilled the following criteria: 

1. P waves of normal duration (less than 0.12 second) and without 

notching. 

2. Pa taller than Pi. 

3 . Pi small and upright (less than 1.5 mm.). 

4 . P; and Ps tall and peaked (greater than 2 mm.). 

5. P in CF» inverted and greater than 1.5 mm. 

6. P in CFj inverted. 


TA.BI.E 1. — Clixic.\l asv Robntgex Rat CoKnECATiox in 50 Cases Showing the 
P- rcLMONALE Pattern 

Cl'mical ami. or 

Clinical e%afJence of Roeiitf^cn tay evidnnce 

pulmonao’ Roentgen ray eWdence of pulmonarj* tUsca'c of pnlmonR r>* 


Ko fiimi takpn 
S 


* Ko filras taken in 3 cases. 
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Results. The results are summarized in Tables 1, 2 and 3. In 
Table 1 is shown the frequency of clinical and Roentgen ray evidence 
of pulmonary disease. In Table 2, the necropsy findings in 8 cases 
are presented. 

Table 3.— Axalvsis of the Ventkicdlar Cosiplex in 50 Tracings Showing 

P-PULMONALE PATTERN^" 


Right ventricular preponderance 11 

Right axis shift 13 

With depressed S-T in Leads II and III " 

W'ithout depressed S-T in Leads II and III . .0 

Left axis shift 3 

Left ventricular preponderance 5 

No axis shift 10 

With depressed S-T in Leads II and III , . 7 

Without depressed S-T in Leads II and III 3 

Small QRSi with diphasic QRSj and QRSj and deep Sj and Sa . . 5 

Intraventricular block 3 

S type ... 2 

Common tjTie 1 

Total ... .50 

* Patterns are described in Katz.'" 


The pattern of the ventricular complexes in the 50 cases of P- 
pulmonale are listed in Table 3. Right ventricular preponderance, 
characterized by a mainly inverted QRS in Lead I with a prominent 
S wave, was present in only 11 cases (Fig. 1 A and B, Fig. 3 A). 
However, depression of the S-T segment in Leads II and III, which 
may be an indication of right ventricular strain, occurred in 7 of 
13 cases of right axis shift (Fig. 1 C) and in 6 of the 10 cases without 
axis deviation (Fig. 3 B ) . The evaluation of such S-T depressions 
is, however, difficult since the tall P* and P 3 tends to be followed by 
a prominent auricular T wave causing a depression of the P-Q seg- 
ment which extends into and depresses the S-T segment. Further- 
more, in some cases, digitalis and/or coronary insufficiency had to 
be considered as a possible cause of the S-T depressions. Low 
“voltage” in the limb leads was present in 1 case, and a tendency 
to low “voltage” in 5 additional cases (Fig. 1 C). 

Leads CFo and CF 4 were available in all cases. P was inverted 
in both leads, more deeply in position Cs than in Ci (Fig. I A, C,,D 
and E, Fig. 2 A and B, Fig. 3 A and B). In contradistinction to 
the prolonged diphasic, and unusually large P in mitral stenosis, 
in P-pulmonale the auricular wave in CFi consists of a single 
inverted phase of normal duration. 

Analysis of the 50 cases showing the P-pulmonale pattern in the 
electrocardiogram revealed evidence of chronic pulmonary disease 
on clinical and/or roentgenologic examination in 40 instances 
(Table 1). Right ventricular preponderance was present in only 
9 instances. Chronic cor pulmonale is often associated with hyper- 
tension or coronary disease which in itself leads to left ventricular 
hi’pertrophy, and in such eases there is a combination of right and 
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left ventricular strain. Furthermore, Scott and Gar\dn=’‘‘ have shown 
in a series of 50 autopsied cases of cor pulmonale that even in the 
absence of an associated hypertension, coronary sclerosis, or valvu- 
lar lesion, hypertrophy of the muscle was not limited to the right 
ventricle alone, but occurred simultaneously in both. This may 
explain the low percentage of right ventricular preponderance found 
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Fig. 1.— Five examples of P-puImonale and the chest lead equivalent associated 
with P-pulmonalo. Discussed in text. .4, A case of pulmonary emphysema shows 
riRlit ventricular preponderance and T inversion in CFz. B, A case of bronchial 
asthma also shows right ventricular preponderance. C, A case of pulmonary emphy- 
sema shows right axis shift with marked S-T depression in leads II and III as well 
as T inversion in CF 2 . D, A case of bronchiectasis and arteriosclerotic heart disease 
shows small QRSj and diphasic QRSi and QRSs with deep Sj and S3 as well as QRS 
upright and T inverted in CFi. E, A case of' pulmonarj’ emphysema shows left 
vcntncular preponderance of the mixed type with marked S-T depression in Leads 
11 and III ns well as small QRS and inverted T in CF«. 


in our series. The combination of right and left heart strain inav 
give rise to the peculiar pattern observed in 0 cases, characterized 

ni)c T Lead I, and a mainlv inverted diphasic 

til Kb m Leads II and III witli deep So and S3 (Fig. 1 D) This 
conhguration resembles tlie QRS limb lead pattern produced 
anterior wall infarction but can be differentiated from 
Jn the 10 cases of P-pulmonale without clinical or Roentgen ray 
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evidence of pulmonary disease the QRS duration and “voltage” 
were normal. The ventricular complex was normal in 5 cases. 
One case showed the pattern of anterior wall infarction, 1 showed 
changes suggestive of acute cor pulmonale (middle tracing of 
Fig. 2 B), 1 had S-T depressions in Leads II and III (Fig. .3 B) 
and 2 showed right ventricular preponderance. 



Fig. 2- — A, The 2 records of P-pulmonalc were taken in a case of bronchial asthma 
and pulmonar>’ emphysema, 9 years apart. The first record shows P-puImonalc 
with left axis shift. The second record shows the persistence of the P-puImonalc 
with its chest lead equivalent and the development of intraventricular block of the 
S-type. Discussed in text. B. The 3 records are from a case of postoperative 
pulmonary embolism. In the first record, taken within a few hours of the clinical 
episode there is a right axis deviation. This persists in the second record labeu 
0 days later, and is associated with T-wave changes and the development of P-pul- 
monale and its equivalent in CFs. Practically all these deviations have disappeared 
in the third record taken 2 weeks after the second, confirming the view that all the 
changes including those of the P wave were due to an acute cor pulmonale. Dis- 
cussed in text. 

The 10 case.s with P-pulmonale but without evidence of chronic 
pulmonary disease included a case of congenita! heart disea.se with 
pulmonic'stenosis (Fig. 3-1), 1 of carcinoma of the rectum with a 
clinical episode diagnosed as pulmonarx- embolism (I'lg. 1. H), 1 oI 
recent myocardial infarction of the anterior wall pattern, 1 of hyper- 
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thvroidism, and 6 cases diagnosed as psychoneurosis or psychosis 
(Fig. 3 B). In the first 3 of the 10 cases, it is possible to explain 
P-pulmonale on the basis of permanent pulmonary hypertension 
(pulmonic stenosis) or transient pulmonary hypertension (acute cor 
pulmonale, recent myocardial infarction) leading to right auricular 
strain.* In the remaining 7 cases, however, the change in the 



Fig. ,3.-4, A case of congenital heart disease with right ventricular preponder- 
ance and P-pulmonale and its equivalent in CF:. In this 19 year old male there 
was no evidence of pulmonary disease or abnormality. Discussed in text. B, A case 
of psychoneurosis udthout evidence of cardiac or pulmonary disease showing, besides 
S-T depression in Leads 11 and III and QRS almost entirely inverted in CF:, the 
P-pnlmonale pattern and its chest lead equivalents. Discussed in text. 


auricular electrocardiogram must be attributed to some other fac- 
tor. Perhaps Nordenfelt^-'’ is correct in his view that this P pattern 
occurs for some reason in individuals having a labile autonomic 
nervous system such as might occur in our group of mentally dis- 


* The Editor is of the opinion that in addition to changes in position, cor pulmonale 
nay 1,0 caused by any condition that raises right intra-auricular pressure sufficiently 

arterj% the lungs, the left auricle or even further 
townstroam. In experiments performed over 25 years ago-"- partial clamping of 
Ilf puhnonaiy arterj- brought out this point.— E ditor. 
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turbed patients. However, another factor, altered position of the 
heart, should also be considered. A study of routme tracings taken 
in the Heart Station on psychotic patients prior to shock therapy 
revealed that P-pulmonale is more common in patients with an 
asthenic habitus than in those of a sthenic build. This would seem 
to indicate that the asthenic habitus vnth the low diaphragm and 
centrally located heart is the important factor in imitating P-pul- 
monale, rather than any supposed abnormality of the autonomic 
nervous system. 

The question follows as to what role an altered position of the 
auricles might play in the production of P-pulmonale in cases of 
chronic pulmonary disease. It may be seen in previously published 
articles^ that changes in position from the recumbent to the 
sitting, particularly in young asthenic individuals with centrally 
placed hearts will produce alterations in the auricular complex 
similar to the P-pulmonale. These changes may be accompanied 
by a prominent S in Lead I, depressed'S-T segment in Leads II 
and III, and an inverted To and Tz, thus imitating in its entirety the 
pattern of chronic cor pulmonale. 

The asthenic individual and the typical case of cor pulmonale, 
on fluoroscopic examination, both show a low diaphragm with an 
abnormal position of the auricles. Hence it is quite possible to 
attribute the P-pulmonale pattern to such an altered auricular posi- 
tion without necessarily assuming involvement of the auricular 
muscle. In chronic cor pulmonale, fluoroscopy often fails to reveal 
the right auricular enlargement which is expected witli right auricu- 
lar involvement.®'-^ This lends furtlier support to tlie belief that 
this P pattern is due mainly to the abnormal position of the auricles 
associated with chronic pulmonary emphysema, pulmonary fibrosis, 
bronchiectasis, and .other chronic lung affections. 

The available postmortem studies regarding auricular involve- 
ment in chronic cor pulmonale®''®''*® are equivocal, and further ana- 
tomic examinations from this point of view are necessary to estimate 
the role of position of tlie auricle in the P-pulmonale pattern. 
^Hiile these observations on auricular position as a cause of these 
P-wave changes show that this pattern may be found in cases with- 
out pulmonary disease, nevertheless, analyses reveal that the P- 
pulmonale is suggestive of chronic lung involvement if tlie asthenic 
build can be ruled out. The P-pulmonale pattern together with a 
right ventricular preponderance and/or “low voltage," represents 
the characteristic electrocardiogram of chronic cor pulmonale, 
altliough as evidenced by our series not all these characteristics are 
seen in every case. 

Summary. 1. Fifty consecutive cases of P-pulmonalc were stud- 
ied in order to determine the significance of this P-wavc pattern. 

2. In 40 cases there was tlinical and/or Roentgen ray evidence 
of chronic pulmonary disease as suggested by the auricular electro- 
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cardiogram. The 10 exceptions were 1 each of_ congenital heart 
disease, acute cor pulmonale, recent myocardial infarction, hy]^r- 
thyroidism, and 6 cases with the diagnosis of psychosis, or psycho- 
neurosis without cardiac or pulmonary involvement. 

3 . Eight cases of P-pulmonale with autopsy control were all 
found to have anatomic evidence of chronic pulmonary disease. 

4. The P-pulmonale pattern occurs in individuals of asthenic 
habitus without evidence of cardiac or pulmonary involvement. 

5 . The characteristic P-pulmonale in the chest Leads CF 2 and 
CF 4 is an inverted P-wave of normal duration in cases showing P-pul- 
monale in the limb leads. 

Conclusions. 1. The P-pulmonale pattern is not pathognomonic 
of chronic pulmonary disease, since it occurs in its absence, as it 
appears in a variety of other conditions. 

2. P-pulmonale in association with low “voltage” in the limb 
leads or with right ventricular preponderance represents the charac- 
teristic electrocardiogram of chronic cor pulmonale. 

3. It is of diagnostic importance to distinguish the P-pulmonale 
pattern from that seen in rheumatic mitral stenosis. The PTwave 
pattern can be used as a diagnostic hint in determining the cause of 
right ventricular preponderance if both are found in the same record. 

4. Further anatomic and Roentgen ray correlation studies are 
necessary to establish definitely whether P-pulmonale is due to 
altered position, increased strain on, or hypertrophy of the right 
auricle. 

We are indebted to the several physicians of the hospital staff for permission to 
report their cases, to Dr. O. Saphir of the Department of Pathology, for his necropsy 
report on the cases used in this study, and to Dr. L. N. Katz for his advice and 
suggestions in the preparation of this paper. 
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"ESSENTIAL” HYPERTENSION. A CONCEPT OP ITS 
MECHANISM* 

By Henry A. Schroeder, M.D. 

ASSOCIATE IN MEDICINE 
NEW YORK. N. Y. 

(From the Hospital of The Rockefeller Institute for Medical Research) 

Eecent studies hai-e suggested that a substance can be obtained 
from renal tissue which is effective in loivering elevated blood 
pressure.”-’ Because this material seems of therapeutic value 
there is need to reexamine the problem of arterial hypertension, to 
define its nature and to appraise the various factors which con- 
tribute to its deA'elopment. 

Arterial hypertension is probably not the result of a single fac- 
tor.^' Although the blood pressure may become chronically elevated 
through mechanisms which are in most instances similar, the various 
influences Avhich initiate these mechanisms are in all likeliliood 
different. It is the purpose of this report to identify these influences 
so that they may be studied separately. It is also desirable that 
those Avhich have been investigated e.xperimentally be related to 
their clinical counterparts. 

The experimental e\'idence points to the kidneys as having a 


♦ Rend Ix'fore the New Haven County Medicnl Society, Mnreh 5, 1941. 
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causal relation to the condition. While there are occasional cases 
in man resembling the non-renal hypertension of animals, in most 
instances the kidneys likewise seem to be involved in some manner, 
directly or indirectly. This discussion will deal, therefore, with 
concepts based on this hypothesis and will assume th&tTendlischeiTiia}^ 
constitutes the occasion for the existence of hypertension and 
initiates its development in most circumstances. 

It is necessary that the phrase “renal ischemia” be defined. As 
used in this discussion it has the meaning given to it by Goldblatt,^" 
implying less arterial blood in the kidneys due to an increase in 
resistance to the flow of blood through the kidneys. When a renal 
artery is partially constricted, or the lumina of the afferent arterioles 
narrowed, blood flow depends upon: 1, the degree of constriction; 
and, 2, the systemic blood pressure, as long as other factors (vis- 
cosity of blood, cardiac output, blood volume) remain constant. 
If No. 1 causes an increase in No. 2, and No. 2 becomes elevated 
enough to overcome the increased resistance caused by No. 1, the 
kidney will no longer be ischemic. If then the factors giving rise 
to the constriction remain unchanged, the kidney retains the 
capacity for becoming ischemic should the blood pressure fall. If 
the constriction is great enough to overcome increased blood flow 
caused by a rise in blood pressure, the kidney will remain ischemic, 
although less than if blood pressure were unchanged. Renal ischemia, 
by actual measurement therefore, may or may not be present when 
the blood pressure is elevated, even though the conditions giving 
rise to it continue to act. Narrowing of the efferent arterioles, which 
causes ischemia of the tubular vessels, may also result in diminution 
of total blood flow. 

The influences which are at work in arterial hypertension include: 

A, a Constiixdional Factor, an unknown defect suggested by the 
frequent presence of similar cases in the family histories of patients; 

B, the Causes of Renal Ischemia, such as are known in man and in 
animals; C, the Mechanism of Hypertension, as suggested by the 
available evidence; and, D, the Effect of Elevated Blood Pressure, 
as seen by clinical and pathologic examination. To simplify dis- 
cussion, these elements have been arranged in Figure 1. 

A. The Constitutional Component of Arterial Hypertension. Certain 
findings suggest that individual susceptibility is an important factor 
m causation. First, the condition appears to be hereditary in a 
large percentage of cases,^'' since arterial hypertension is present 
in the families of most patients exhibiting it. The children of hyper- 
tensive parents often react in an exaggerated fashion to tests of 
yiscular irritability, even when their blood pressures are normal.^® 
lliose who do are, in fact, more liable to develop hypertension later 
111 liie than are others who react normally.^" 

‘Second, individuals exhibiting “early” or “mild” arterial hvper- 
tension are for the most part of the “nervous type.”=i- They are 
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either obviously high-strung, emotional, excitable people, or they 
admit the occurrence of great internal exeitement whieh they manage 
to keep under control. Their responses to ordinary emotional stimuli 
are often excessive. 

Third, organic renal diseases seem to cause hypertension in certain 
individuals^® and not in others. These facts suggest that some 
jiersons are more susceptible. 

The “constitutional component” means, therefore, a defect in 
certain individuals which predispo.ses them to arterial hypertension. 
This defect may be hereditary, or the result of early environmental 
influences. Its obvious clinical manifestations refer to the nervous 
system, especially to those structures having to do with emotional 
reactions and their effects upon blood-vessels. That the sympathetic 
nervous system may exert a pronounced effect upon the blood- 
vessels of the kidneys is discussed elsewhere. 

Animals also exhibit different degrees of susceptibility. In most 
dogs, both renal arteries must be constricted in order to induce 
ciironic hypertension, i® although occasionally they develop it after 
constriction of only one. (This applies particularly to excitable, 
nervous dogs. Three such animals in this laboratory exhibited 
arterial hypertension for 18 months after 1 kidney was treated.) 
Rats, on the other hand, are affected by injury to 1 kidney,^®* 
developing cardiac hypertrophy and hypertension®®-®® often with 
renal arteriolar necrosis. 

B. The Causes of Renal Ischemia. 1. Ischemia Due to Organic 
■ Vascular Changes, (a) Diseases of the Smaller Blood-vessels. In 
man the persistence of hydronephrosis results in marked diminution 
of the vascular supply of the kidney and so probably leads to renal 
ischemia.'’' It is probable that chronic atrophic pyelonephritis also 
results in ischemia, scarring of the parenchyma after infection has 
liealed producing lesions of blood-vessels resulting in reduction of 
blood flow.®-'*® The effects of renal infections upon blood flow have 
been little studied. Lesions resulting from chronic glomeruloneph- 
ritis found postmortem suggest, from the pathologic viewpoint, 
tliat renal ischemia may have been present. Renal ptosis may be 
accompanied by ischemia.®^ Trauma results in a similar change 
especially if scarring follows. Other renal diseases may produce 
similar effects. 

In animals obstruction to the flow of urine during brief experi- 
ments results in renal ischemia;® in rabbits, profound vascular 
changes accompany protracted experiments.*® Manj^ other affec- 
tions of the kidneys experimentally produced can be regarded as 
resulting in ischemia. 

Arterial hypertension is often associated with renal affections in 
Ilian: with pyelonephritis,^ nephroptosis,®* prostate obstruction,®* 

hypertension by causing unilateral hydronephrosis, while 
m rats, failed in dogs. 
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hydronephrosis, and many other abnormalities of the kidneys.'-"-s-^s 
Indeed, certain individuals develop elevated blood pressures as an 
early accompaniment of Bright’s disease resembling cases of “ essen- 
tial hypertension.”® 

In annuals arterial hypertension accompanies many of these 
conditions -when they are experimentally produced. In rats it 
occurs with considerable frequency when one kidney is affected by 
perinephritis induced by cellophane,®® traumatic injury and hydro- 
nephrosis.®®’®® In rabbits and dogs other renal affections, probably 
resulting in ischemia, appear also to cause it. 

It is not certain whether a single lesion of the renal arterioles, 
arteriolar sclerosis, causes or results from arterial hypertension in 
man. Because the evidence in animals suggests, however, that it 
follows elei'ation of blood pressure, it is in this case regarded as an 
effect of the disease. This relation is discussed elsewhere. 

(b) Diseases of the Larger Arteries. Narrowing of the mouths of 
the renal arteries by arteriosclerotic changes appears to reduce renal 
blood flow in a manner analogous to the principle of the Goldhlatt 
clamp, as does narrowing of their lumina at their bifurcation, or 
in their intrarenal branches. The degree of ischemia, and the amount 
of renal tissue which is ischemic depends, of course, upon the loca- 
tion and ex'tent of the lesion. Other more unusual affections of the 
arteries supplying the kidneys also cause ischemia, such as progres- 
sive thrombosis of the aorta, periarteritis nodosa, and perhaps 
coarctation of the aorta. 

In animals, partial constriction of the renal arter,\- obviously' 
causes renal ischemia.*” Partial constriction of the aorta above the 
mouths of the renal arteries brings about the same result.®' These 
procedures lead to general vaso-constriction and arterial hyper- 
tension and to a change in intrarenal hemodynamics constricting 
the efferent arterioles.® 

Arterial hypertension has been related to renal arteriosclerosis,' 
to periarteritis nodosa and to coarctation of the aorta.®'-''® All are 
believed to be dependent on ischemia. 

2. Ischemia Due to Functional Dlsturbances. Injection of 
adrenalin into human beings results in prolonged renal vasoconstric- 
tion more especially of the efferent arterioles.'"’ Psychic .stimulation 
(anxiety) also can apparently produce renal ischemia.'"’ This effect 
is achieved either through the liberation of adrenalin or through 
activity of the renal vasoconstrictor nerves of the sympatlictic 
nervous system. 

In animals, injection of adrenalin produces renal ischemia, the 
eft’erent arterioles being affected by small doses and the afferent 
also by larger ones.®” Stimulation of the renal sympathetic nerves 
causes the same effect.® 

Prolonged arterial hypertension has not been producefl experi- 
mentally by cither of thc.se means. In rats the injection of single 
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large doses of adrenalin leads to cardiac hypertrophy Transient 
hypertension (4 to 6 weeks) may follow the injection of adrenalin 
in oil in dogs with normal blood pressures when one kidney is 

ischemic.'*^ i i • 

In huvian beings, the sympathetic nerves supplying the splanchnic 

area are extremely important in maintaining an elevated blood 
pressure. When all of them are cut by means of preganglionic 
resection"*^ (thus effectively denervating the kidneys), arterial hyper- 
tension and its effects disappear in a large proportion of cases. 
Because renal blood flow is not always reduced by this procedure, 
l)ut sometimes increases,^^ these nerves probabl.y exert an adverse 
influence upon it, contributing to hypertension by the results of 
their action. The possibility, therefore, exists that repeated psychic 
stimulation in predisposed individuals, by affecting the renal 
sympathetic nerves, results in enough renal ischemia to cause hyper- 
tension. If stimulation continues long enough, hypertension would 
liecome permanent from the establishment of changes in the renal 
arterioles. 

3. The Relation Between Organic and Functional Renal 
Ischemia. In anesthetized dogs when ischemia results from partial 
constriction of the renal artery, it is profoundly influenced by the 
injection of adrenalin.®® Moderate reduction in renal blood flow 
of short duration results from large doses if the kidnej^ is normal; 
if a mechanical clamp has been applied to a renal artery and blood 
flow has already been reduced, minute doses produce greater effects 
lasting much longer. When the kidney is already ischemic the 
action therefore is markedly increased. 

Arterial hypertension may result, furthermore, from the summa- 
tion of these two actions (adrenalin and constriction), although 
neither of them alone has had much effect. Chromaffin tissue or the 
symjiathetic nervous system may, therefore, play a part in the 
production and maintenance of hypertension by the Goldblatt 
method. This possibility has not been investigated in man. 

C. The Mechanism of Hypertension Due to Renal Ischemia. When 
kidneys are ischemic, pressor substances enter the general circula- 
tion. These act on the smooth muscle of arterioles, increase periph- 
eral resistance and, therefore, raise blood pressure. The nature of 
this material and the manner of its coming into existence is uncer- 
tain. 

Tliere are two principal theories; Page®® believes that renin is 
released by kidneys when their pulse pressure is reduced. Renin, 
he tliinks, then acts upon a pseudo-globulin in the blood to form 
imgiotonin, ’ which has been isolated and identified as a pressor 
su jstance. It is the action upon arterioles of angiotonin, or products 
arising from it, that causes hypertension. As a variant, another 
group of in\-estigators®® regards renin as an enzyme, which acts upon 
US globulin substrate to form a pressor substance “ hyperten.sin ” 
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(identical with “angiotonin”). Another enzyme, “hypertensinase,” 
present in iilood and tissues, destroys it. 

The second view is that of Holtz.*® Kidneys contain the enzymes 
decarboxylase and amine oxidase, the latter acting only in the 
presence of oxygen. When the supply of oxygen is reduced {i. c., 
during ischemia), decarboxjdation of certain amino acids continues, 
but deamination is incomplete. The partial interruption of the 
metabolism of these amino acids results in the formation of amines, 
many of which are pressor substances. The most powerful are 
phenolic compounds.* Amine oxidase has a certain specificity; it 
catalyzes the oxidation onl}'- of compounds having an amino group 
on the end of a side chain,® and does not affect diamines. Its action 
is much greater on amines containing a phenolic nucleus (tyramine 
and its derivatives, indolethylamine). 

D. The Effects of Hypertension on the Vascular System. Chronic 
arterial hypertension produces certain effeets on the heart, blood- 
A^essels and kidneys. The heart becomes enlarged and the wall of 
the left ventricle thickened. This change is greater when the 
coronary arteries are affected. 

When the level of blood pressure is very high (in younger indi- 
viduals), or when general arteriosclerosis accompanies hypertension, 
arteries may rupture. The consequences are important if the 
ruptured vessel is in the brain. In other localities less serious dis- 
turbances result. 

The nature of the effect of arterial hypertension on the vessels of 
the kidneys is less clear. Sclerosis of the afferent arterioles is an 
almost universal accompaniment of chronically elevated blood 
pressure.®® Constriction of the efferent arterioles, and of course 
renal ischemia, is present in most cases.** f It is not yet certain 
whether arteriolar sclerosis comes first and then ischemia and 
hypertension, or hypertension causes changes in the arterioles 
which then serve to make permanent narrowing of the renal vascular 
bed. 

There is some evidence for the relation of these occurrences in 
e.xperiments. In rats, when hypertension results from injury to 
one kidne}', arteriolar sclerosis (and necrosis) are found in the 
other.®®'®®'*® Dogs develop these lesions in organs other than the 
kidneys when bilateral renal ischemia is marked.*® In human beings 
e.xhibiting one diseased kidney, nephrectomy reduces blood pressure 
when renal vascular disease is not advanced.®® These observations 
suggest that renal arteriolar sclerosis accompanies hypertension, 

* Because angiotonin is inactivated by tyrosinase’* it is probably a plicnolic 
compound. _ _ . 

t It is interesting in this connection that the cfTcrent arterioles are constricted 
by many of the influences believed to be implicated in arterial hjTicrtension; adrenalin 
and related compounds, renin and angiotonin, the action of the sympathetic nervous 
system. A situation e.xists in the kidneys, therefore, which may not only cause 
hypertension, but also be an effect of it. 
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and is one of its effects. The lesions then prevent the reestablish- 
ment of normal blood flow. 

Endocrine Dysfunction and Hypertension. The nature of what 
has been called “endocrine” hypertension is less clear. In rats, 
Byrom^ produced in the livers and kidneys vascular lesions similar 
to those seen in eclampsia, by injecting pitressin after previous 
administration of female sex hormone. Griffith*^ has induced arterial 
iiypertension in them by the use of posterior pituitary extract and 
water. He has also suggested that hypertension ma.-V' result from 
retention of water and increase in the circulating volume of blood.'® 

In human beings, some hypertensive individuals have in their 
plasma antidiuretic substance; a few have been improved by irradia- 
tion of the pituitary gland with Roentgen ray.®® Fall in the level 
of blood pressure along with disappearance of the antidiuretic 
substance suggests a relation between them. 

The association of some cases with endocrine diseases is well 
established. If endocrine dysfunction is the initiating factor, the 
maintenance of the disease may be dependent on secondary renal 
arteriolar changes. 

Recapitnlation. Arterial hypertension, according to this idea, is 
therefore a state characterized by increased peripheral resistance 
owing to the presence of circulating pressor substances in the 
blood. These substances are released by ischemic kidneys and may 
be of several varieties.^® They cause changes in arterioles, and in 
the hemodynamics of the kidneys, leading to arteriolar affections. 
.4 “Aucious circle” is therefore established: renal ischemia giving 
rise to hypertension, which results in renal arteriolar sclerosis and 
the maintenance of ischemia (and hypertension). 

Two conditions which occasion renal ischemia, therefore, initiate 
this “vicious circle;” 1, functional (spasmodic) constriction of 
arterioles by nervous or hormonal influences; and 2, .structural 
(organic) changes in the renal blood-Amssels. A third condition, 
also a structural change (renal arteriolar sclerosis) arises as a result 
of hypertension, acting in such a way as to continue the existence 
of renal ischemia. The first is probably active in most cases of 
hypertension,* varying considerably in degree in different indi- 
A’lduals, but capable of initiating it alone under the proper circum- 
stances. When organic renal ischemia is already present, hyper- 
tension may result from slight intermittent increase in renal vaso- 
constrictor tone. When the kidneys are otherwise normal, the 
activity of the sympathetic nerves must be comparatir'ely greater, 
and their action called into play repeatedly in order to initiate the 
^^eqiience of events leading to chronic hypertension. 

Discussion. The view here presented makes clear some of the 
variations of the disease arterial hypertension. It usually depends 
upon two factors (rarely one) whicli cause a third, a similar one, to 

* This may not be true for the hjTJertension associated vrith renal insufficiency. 
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come into being. Obviously- the rate of progress of the condition 
resulting from these factors is determined by the relative parts 
which each play. 

If the functional element acts alone, the course of the disease is 
prolonged (benign), depending for the most part upon the degree 
and frequency of action of the renal vaso-constrictor nerves, and 
those factors which influence them. Patients e.xhibiting symptoms 
predominantly of nervous origin vary, therefore, in their courses 
from long-standing “mild” hypertension, to a severe disease char- 
acterized bj' a labile blood pressure easily influenced by rest and 
sedatives. Rarely does the course become “malignant.”*' 

If the structural element is progressive, and the functional one 
continues to exert its influence, the course of the disease is more 
rapid and death results from renal insufficiency.** On the other 
hand, if the structural element is stationary or only slowly progres- 
sive (as in arteriosclerosis), the course depends upon the influence 
of the functional element. If both the functional and structural 
elements act with increasingly greater influence, a “malignant” 
course results. (Although, as some think, the so-called “malignant” 
hypertension may be a distinct disease with a distinct pathologic 
anatomy, as indicated by the term, necrotizing arteriolitis, on 
clinical grounds it often appears to be a terminal stage of chronic 
arterial hypertension.) Other cardiovascular conditions also afl'ect 
the outcome. 

Procedures designed to alter these influences, and therefore the 
disease itself, naturally fall into three classes. A. The functional 
(spasmodic) factor can be changed by removing those environmental 
influences which cause constriction of the renal blood-vessels, by 
the administration of sedatives to lessen their effects, by the reeduca- 
tion of the individual so that he no longer reacts to them, and by 
the surgical interruption of the effector pathways of the sympathetic 
nerves supplying the kidneys. B. The structural (organic) factor 
can be altered by the removal, for example, of a diseased, ischemic 
kidney, by attempting to influence degenerative vascular affections 
of the kidneys, or by increasing renal blood suppl.\’ through surgical 
methods. C. The pressor substances responsible for hypertension 
can perhaps be destroyed by some of the newer extracts, thereby 
preventing the ejfccfs of the disease from progressing. Obviously 
the value of any of these methods depends for the most part upon 
the degree of secondary arteriolar sclerosis present in kidneys sub- 
jected to long-standing arterial hypertension. 

Summary. A way of thinking about arterial hypertension has 
been presented, which takes into account the possildc role of renal 
ischemia and those factors which cause it. 
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Clinics. Edited by George Morris Piersol, M.D., Professor of Medi- 
cine, Graduate School of Medicine, University of Pennsylvania; Successor 
to The New International Clinics. Philadelphia, J. B. Lippincott Com- 
pany. Bi-monthfy publication. Price, S12.00 a jmar. 

After 4 y^rs. The New International Clinics has given way to the present 
journal, which aims to acquire Sexihility by selecting material on the ba.sis 
of its practical sigmficance, rather than as coming from special institution.s 
or localities. The new journal will appear everj"^ 2 months, supplemented 
by original articles, brief “clinics,” and occasional Reviews of recent 
progress. The Editorial Board shows but little change, the retention of 
Dr._ John W. McNee and Dr. Jonathan C. Meakins presenu’ng its inter- 
national character. The first number is a S 3 Tnposium on Burns and Shock, 
and includes 6 articles. E. K. 


Pharmacopceia of the United States of America. Twelfth Revision. 
By authority of the U. S. Pharmacopceial Convention meeting at Wash- 
ington, D. C., 1940. Prepared bj”^ the Committee of Revision and Pub- 
lished bj' the Board of Trustees. Pp. 880. Easton, Pa.: Mack Print- 
ing Company, 1942. Price, §7.50. 

Our Pharmacopoeia needs no recommendation. The modifications of 
this 12th decennial revision and of future plans are best seen in the follow- 
ing quotations from the Preface: 

“Certain basic policies were written into the first Pharmacopoeia in 1820, 
and the Twelfth Revision marks a new era in its growth and development. 
For the first time a program is fully launched for a new Pharmacopceia 
ever}’- five j^ears, a bound ‘supplement’ halfway between, and, to meet the 
frequentlj’’ occurring situations which require immediate attention, ‘Interim 
ReGsion Announcements’ or sheet ‘Supplements,’ whenever these arc 
required. Bj' these accelerated procedures the Pharmacopoeia is endeavor- 
ing to keep pace with the rapid developments of modern medicine and the 
related sciences 

“Dr. Ljrnian Spalding, the founder and Chairman of the first United 
States Pharmacopoeia, stated ‘It is the object of a Pharmacopoeia to select 
from among substances which possess medicinal power, those, the utility 
of which is most fullj' established and best understood.’ Advisorj' board.« 
and committees have been authorized for collaboration in the standardiza- 
tion of manj' U.S.P. products. These items include the -vitamins, anti- 
anemia preparation, sterile products for parenteral use and for the needs 
of surgerj', blood substitutes, glass container standardization, the as.say of 
digitalis, ergot, parathyroid, epinephrine, insulin, adrenal cortical c.xtract, 

the se.v hormones, and numerous other substances and tests 

“Since the publication of the U.S.P. XI, the reGsed Federal Food, Drug, 
and Cosmetic Act of 1938 has been enacted by Confess, and the Pliarma- 
copmia of the U. S. is recognized as one of the ‘ official compendia.’ The 
officials of the Canadian Government have collaborated in the preparation 
of some of the U.S.P. standards. There has also been close co-operation 
between the British Pharmacopceial Commission and the Committee of 
Ren’sion of the U.S.P. The co-operation of the U.S.P. Au.\'ilian' Commis- 
sions of Cuba and Puerto Rico and the Pan American Sanitap’ Bureau 
officials at Washington and also the U.S.P. Au.xiliap- Commi.=.=ion of the 
Philippines has materialK’ assisted in e.xtending the information carried by 
the U.S.P. into manj' other associated countries 
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“To assist in extending information both to physicians and pharmacists 
concerning the scope, therapeutic value, and use of pharmacopreial drugs 
and preparations, 48 articles were prepared under the supervision of a 
special Committee of the Pharmacopoeia and officers of the American Medi- 
cal Association. The authors of these articles were selected because of their 
special knowledge of and experience in the medical problem under considera- 
tion ” 

Our Therapeutic Progress department contains two valuable discussions 
of the Revision (May, 1942 and this number). 


Synopsis of Ano-hectal Diseases. By Louis _ J. Hirschman , Professor 
of Proctology, Wayne University. Second Edition. Pp. 315; 182 illus- 
trations and 12 color plates. St. Louis; C. V. Mosby Company, 1942. 
Price, S4.50. 

The Synopsis has been revised and some new material added. The local 
use of sulfanilamide is recommended in connection with some of the surgical 
])rocedures. A chapter has been added on Focal Infection of Ano-rectal 
Origin in which it is suggested that certain patients be desensitized to 
selected bacteria recovered from the anal crypts by hypodermic injections 
of 2 to 25 organisms at intervals of 5 to 7 days. Lymphopathia venereum 
is not indexed. The volume should be of value to the many readers who 
found the first edition useful, J. R. 


The Reception of William Beaumont’s Discovery in Europe. By 
George Rosen, M.D. Foreword by John F. Fulton, M.D. Pp. 97; 
frontispiece of William Beaumont. New York: Schuman’s, 1941. 
Price, S5.00. 

Beaumont’s famous observations on the digestive activities of St. Martin’s 
exposed stomach and his equally famous book— destined in Claude Ber- 
nard’s words, “to produce an epochmaking effect in the history of diges- 
tion’’— are properly cherished by the present generation as one of the 
greatest glories of American medicine. The little book is a bibliophile’s 
rarissima, only recently reprinted again, and the man has been honored 
repeatedly with biographies, medals, shrines and lectureships. Little 
attempt seems to have been made, however, to trace the recognition of the 
hook and of Beaumont’s achievement in the century that has since elapsed. 

This carefully prepared study by Dr. Rosen satisfactorily fills the gap. 
Even ardent Beaumontophils may be surprised to learn of the quickly 
favorable response abroad: the German, English and French articles, for 
instance, tliat appeared even before the publication of the “Experiments 
& Observations’’ in 1833; the prompt and favorable discussions of the new 
book m 1834 and 1835; foreign editions and translations; recognition by 
Uaude Bernard and Carl Ludwig. Equally surprising is “the fact that 
during the last 40 years of the century Beaumont’s researches are only 
mentioned three times,’’ attributed by Dr. Rosen to Kussmaul’s introduc- 
tion of the stomach pump in 1867, and to greater emphasis on the chemical 
aspects of digestion. 

Among items that might be objected to, though they are to be sure insi- 
mticant in evaluating the booklet, are: the many “incomplete” references, 
the omission of J. R. Young’s “Experimental Inquiry” in the chapter on 
Liastric Physiologj' before Beaumont” and Dr. Fulton’s foreword limita- 
I profoundly influenced European medical thought 

Beaumont Franklin and Weir Mitchell. Granted the 
E nii ^ ^ "'ould feel that Long and Morton, Mc- 

otW ^ 1 ? "n'l Smis, _Gorgas, John Shaw BiUings, and perhaps still' 
len., might well be admitted to this august company. E. K. 
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History of the School of Nursing of the Presbyterian Hospital. 

By Eleanor Lee, A.B., R.N., Assistant Professor of Nursing, Depart- 
ment of Nursing, College of Phj'sicians and Surgeons, Columbia Uni- 
versity. Pp. 286; 58 illustrations. New York: G. P. Putnam’s Sons 

1942. Price, S3. 50. ’ 

This book covers far more than its title indicates, as one is verj' soon 
aware on reading this fascinating account of the development of this School 
of Nursing. 

In the background one sees the picture of the community that New 
York was in 1892 with its poor that provided the need out of which grew 
a service built up by men and women from the citizens, who were socially 
minded, as well as those devoted members of the medical and nursing 
fields without whose loyal and constant attention such a fine institution 
could not have occurred. 

With letters, pictures and diaries one gets a most intimate impres.‘;ion of 
how the present organization came about. It represents what was happen- 
ing in many places throughout the whole country, a gradually emerging 
social conscience, an awakening to the needs of the underprivileged and of 
the responsibility of those in possession of scientific knowledge to meet 
those needs. 

One might take as a prediction of the future social importance of nursing, 
the last sentence in the Appendix, which reads: “The nurse of this era who 
keeps pace with the advance of science will have undreamed-of opportuni- 
ties to contribute to the betterment of the mental and ph}'sical health of 
mankind.” 

This book should be interesting to all who are engaged in the medical 
professions or who are aiding in any waj' the progress of this great work. 

^I. S. 


Dr. Bard of Hyde Park. B}"- J. Brett Langstaff. With an Introduc- 
tion by Nicholas Murray Butler. Pp. 365; 12 illustrations. New 
York: E. P. Dutton & Co., 1942. Price, $3.75. 

Dr. Sa.wuel Bard is the famous phj'^sician who saved George Washing- 
ton's life, when shortly after his inauguration Dr. Bard removed an anthrax 
carbuncle on his thigh. Dr. Bard was a founder of the Medical School in 
Eng’s College, now the famous College of Physicians and Surgeons of 
Columbia University. These, perhaps may be counted as the most noted 
of his achievements, for the great works of man live after him. But they 
were only a part of the rich and full life of this remarkable man. 

It is evident from the verj' beginning of the book that the autlior has 
spent manj" j'ears in careful research on his subject. The reader ma^' feel 
at times as if the research was the more important part of the biography, 
yet the vigorous personalities of Dr. Samuel Bard and of his father. Dr. 
John Bard, hurdle the diy- facts which might othenvi.se u-eigh them doun. 
Botii father and son lived well into their 70’.s— one cannot write of the son 
without talking of the father, for each was so close to the other -and their 
lives were rich, full and vigorous to the end. 

Dr. John Bard, the father, inherited from hi.s wife's side of the family 
the Hj’de Park propert 3 ’ that is now the .site of the homo of our present 
President. Thus are linked the doughtj’ characters of Revolutionars’ timc.< 
with our pre.«ent daj' historical figures, and dead names become living people. 

This hook presents, as full.v as is po.=sible in a popular biograiihj', the 
complete and intere.sting life of Dr. Samuel Bard and abo a small P-iU 
the Bard family background. As .Samuel wa.s an American of the third 
generation, his grandfather having come to America because of Hugucnol 
persecutions in France, a feeling of libert.v and .sjunpathy for ;ill iwople 
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predestined the character of Samuel Bard. His untiring search to relieve 
iiain was the most natural of careers that he could follow, for the father 
Dr. John Bard, did much to crystallize his son’s ideals. Hmv well these 
foundations were laid is evidenced by the fact that Ducachet, his colleague, 
said: “There never was a medical man in the City of New York so uni- 
versally known, so much beloved and esteemed as a practitioner. Indeed, 
so astonishingly popular was he at one time that notwithstanding the 
number of worthies who flourished contemporaneously in the same city, 
lie was called to almost every person who was taken sick.” E. F . 


Clinical Cardiology. By William Dressler, M.D., Attending Cardi- 
ologist, Israel Zion Hospital; Assistant Attending Physician, Brooklyn 
Hospital, New York. Pp. 692; 108 illustrations. New York and 
London; Paul B. Hoeber, Inc., 1942. 

The author states that the aim of this volume is to offer a practical guide 
to those who wish to engage in the study of heart disease and that particu- 
lar emphasis has been placed on the use of inspection, palpation, percussion 
and auscultation. The entire field of clinical cardiology, including hyper- 
tension, is discussed. There are brief chapters on electrocardiography and 
roentgenologic examination. The book is concluded by a list of 294 state- 
ments, covering nearlj’^ 40 pages, entitled “Important Points to Remember.” 

After comparing this book with 4 of its recently published competitors 
in the same field, this Reviewer is unable to rank the present volume high 
in the group despite the fact that it contains much of the same orthodox 
material found in the others. Occasionally major errors are found, such 
as tlie statement to the effect that the intervals between all three sounds 
in gallop rhythm are practically equal. It is interesting that the author’s 
conception of electrical potential is such that he can speak of potential 
differences having various directions. Opinions, some of which do not 
seem to be supported by the weight of available evidence, are at times 
stated so dogmatically in this book that the uninitiated would have no 
reason to suspect that they are opinions. Finally a statement that " .... it 
has become almost a routine procedure to prescribe digitalis whenever a 
heart disease, or merely an innocent murmur has been detected” suggests 
that the author has a much worse opinion of the standards of American 
liractitioners than some who have worked with them for a much longer time. 
The book is not recommended. C. W. 


Questions in Laboratory Methods. By R. B. H. Gradwohl, M.D., 
Director of the Graduate School of Laboratorj^ Technique, St. Louis, 
Mo. Second Edition. Pp. 71. St. Louis, Mo.; The Gradwohl School 
of Laboratorj^ Technique, 1942, Price, S2.50. 

This is a well-printed 71-page booklet bound ivith spiral wire and heavw 
paper cover, measuring appro.ximately 8x11x1 inches. It is a compila- 
lon of ‘questions .... taken from examination papers .... accumulated 
over a period of 25 years” sorted as follows; The Microscope (255 ques- 
nons), Metric System (86), Clinical Microscopy (318), Hematology (1647). 

(1.^89)- Serology (117), Clinical Chemistr>^ (275), Parasitologv' 
mi ’ Technique (163), .Basal Metabolism (45), Special Tests 

T).: - • ^Iifcellaneous_ Medical Subjecte (345); a total of 5235 questions. 

^ publication of its kind in this field at present so far as the 

ivcviewer is aware. 

Tliere are many questions in everj' section which, in the opinion of the 
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Reviewer, should not be put to laboratoiy technicians. These deal with 
diagnostic impUcations of laboratory findings, and are outside the proper 
province of the technician. They might be helpful to the physician prepar- 
ing for special examinations. D. B. 


Psychosurgery. By Walter Freeman, M.D., Ph.D., and Jajies W. 

Watts, M.D., with Thelvla Hunt, M.D., Ph.D. Pp. 337; 81 figures. 

Springfield, 111.: Charles C Thomas, 1942. Price, S6.00. 

Freeman and Watts, who have pioneered in the neurosurgical treatment 
in Psychiatry, have prepared a valuable surv'ey of the historj’^, the neuro- 
anatomy, the physiology and the technique of prefrontal lobotomy and 
have reviewed the results of their own operations in psychotic patients and 
the available literature and presented it in a well-organized and scientific 
evaluation. 

In Part II, entitled “The Frontal Lobes,” the historical concepts, 
anthropologj', topographic anatomy, the connections and functions of the 
frontal lobes are all adequately revdewed and material derived from experi- 
mental animals, the sjunptoms of frontal lobe tumors, frontal lobe atrophy, 
softenings and injuries and the results of frontal lobotomy in man are 
reviewed and evaluated in relation to the therapeutic surgical procedure. 

Part III relates to clinical observ^ations of prefrontal lobotomj' and 
describes the improvements made bj’’ Freeman and Watts on the original 
Moniz technique. 

There is a chapter devoted to the functions of the frontal lobes, a chapter 
on Mental Mechanisms and the Frontal Lobes which the critical reader 
will evaluate (as Drs. Freeman and Watts suggest) according to his own 
judgment. Some of the alterations in the mental functions reported and 
discussed are: 1, Reduced capacity of an individual to project himself 
into the future. 2, Restraint is somewhat impaired. 3, Reduced self- 
critical and self-abso^tive capacity. 4, More extraverted, freer conduct. 
5, Vivid but superficial emotional responses. 6, Delusional ideas may be 
retained but unpleasant emotional reaction to them is absent. 7, Impaired 
foresight. 

The postoperative reeducation and rehabilitation of patients subjected 
to frontal lobotomj' are of the utmost importance. Possibly this phase of 
treatment could be emphasized and outlined in greater detail in the book. 
Freeman and Watts have been v'erj' frank in assa 5 dng the positive and 
negative elements in frontal lobotomy and give a verj’' fair statement as to 
the immediate as well as the ultimate rislS. The operation is a drastic, 
last resort method and should be used only in those long-standing cases 
which fail to respond to_ other methods. Probably like other drastic treat- 
ment methods in Psychiatrj’’, its development and application were stimu- 
lated bj' the demand for more direct treatment of the large static segment 
of the psj’choses. It must be understood that recoverj" cannot be antici- 
pated in patients subjected to frontal lobotomjL VTiile one of the remark- 
able features of the operation is lack of apparent intellectual defect, it 
must not be stated that some defect of intellectual-emotional functions do 
not result. Throughout the book there is a frank approach to the question 
of accomplishment by the operation and there is no dodging of the issue 
regarding the unfavorable consequences. 

The book is factual, well WTitten, profusely illustrated with well-chosen 
photographs and drawings and charts. The psychiatrist will find the text 
fascinating, a valuable addition to his librarj- and the neurosurgeon will be 
accurately informed as to technical detail. The v'olume offers an extension 
of knowledge for the psychologist, .sociologist and everj- student of human 
emotion and conduct. ' • 
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The Care of the Aged (Geriatrics). By Malfoed _W. Thewlis, M.D., 

• Attending Specialist, General Medicine, U. S. Public Health Hospitals, 
New York City; Attending Physician, South County Hospital, Wakefield, 
R. I.; Special Consultant, Rhode Island Department of Public Health. 
Fourth Edition. Pp. 589; 50 illustrations. St. Louis, C. V. Mosby 
Company, 1942. Price, $7.00. 

The first edition of this work appeared in 1919, the third not until 1936. 
Because of the recent remarkable increases in the average duration of 
human life and the keener interest in the subject of geriatrics, a fourth 
edition is required after 6 years. The role to be played by the aged in our 
total war effort has also become an important matter, and still more so is 
the problem of those in whom old age can be deferred. 

The need for books of this kind, then, is obvious. The ability to con- 
dense adequate information on the subject into less than 600 small pages is 
at once questioned, and perusal confirms the opinion that a book half as 
long again would be twice as valuable. The leukemias in 2 pages, the eye 
in 6 pages, the ear in 7, could hardly get adequate attention.^ 

Nevertheless, the book is well worth while, and as each edition has been 
an improvement on its predecessor, let us hope that a greatly enlarged 
fifth edition will soon appear. E. K. 


The Medical Clinics op Nohth America, Vol. 26, No. 4, July, 1942. 
Symposium on Industrial Medicine. Pp. 1345. Philadelphia: W. B. 
Saunders Company, 1942. 

Contents: “The Physician in Industry,” by Dr. Carl M. Peterson; 
Organization and <• . Industrial Medical Service,” by 

Dr. A. L. Brooks; ' i!'. ' in Industry,” by Dr. Grant L. 

Bird; “Workmen's Compensation and Medicine,” by Dr. Raymond 
Hussey; “Tuberculosis as a Compensation Problem,” by Dr. C. 0. Sap- 
pington; “Nutrition in Industry,” by Dr. William A. Sawyer; “A War- 
Survey of Industrial Psychiatry,” by Dr. Lydia G. Giberson; “The Meas- 
urement of Sickness Among Industrial Workers,” by Dr. William M. 
Gafafer; “Fatigue and War Production,” by Dr. Robert H. Flinn; “Pre- 
vention of III Health in Industriq” by Dr. John H. Foulger; “Methods 
Employed in the Appraisal and Control of Industrial Health Hazards,” 
by J, J. Bloomfield; “Indoor Environmental Atmosphere and Its Control,” 
by Dr, W. J, McConnell; “Protective Ointments and Industrial Cleansers,” 
by Dr. Louis Schwartz; “Effects of High Pressures; Prevention and Treat- 
ment of Compressed Air Illness,” by Dr. Albert R. Behnke, Jr.; "The 
Pneumoconioses,” bj’’ Dr. L. U. Gardner; “Lead Absorption and I^ead 
Poisoning,” by Dr. Robert A. Kehoe; “The Toxic Properties of Selected 
Less Familiar Metals,” by Drs. Carey P. McCord and John J. Prendergast; 
“Recent Progress in Aviation Medicine,” by Dr. Benjamin F. Jones. 

Seldom has a publication concerned with industrial medicine held .so 
much jiractical inforination in such a small space, as does the “Sjmiposium 
®^^J^*^^ustrial Medicine.” The field in this branch of medicine is as varied 
and wide as the industiy which it serves, yet nearly all phases are repre- 
seihed with a precise brevity by physicians who are recognized authorities. 

I he hook can be read in 6 hours by an alert student but it lends itself well 
to broken reading. The usefulness of the volume is not restricted to those 
specializing m industrial medicine, and it should prove of particular value 
to physicians m these crowded daj's, who are being asked to include medical 
"ork in industrial plants that have been created for or converted to war 
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products in the past few months. In many instances this work is just as 
new to the physician as the plant is to the managers and workers, and there 
should be an especial thanksgiving that the publishers have filled the need 
for a clear discussion of industrial medical problems at this time. 

V. R. 


The Surgery of Pancreatic Tumors. By Alexander Brunschwig, 
M.S., M.D., F.A.C.S., Professor of Surgerj”^, University of Chicago- 
Pp. 421; 123 illustrations, 1 color plate. St. Louis: C. V. Mosby Coni- 
panj", 1942. Price, .$7.50. 

Interest in the surgerj' of the pancreas has greatR^ increased in recent 
years, due to the recognition of island adenomas as a cause of hyperinsul in- 
ism and to the development of successful methods of attacking carcinoma 
of the head of the pancreas. Dr. Brunschwig has been a pioneer in this 
work and his monograph is the most thorough and complete treatise that 
has appeared on the subject. It should be available to everj' surgeon who 
contemplates the removal of pancreatic tumors and its perusal by phj'si- 
cians generally should lead to a clearer recognition of the possibilities and 
limitations of pancreatic surgersT J. R. 


Electrotherapy and Light Therapy with the Essentials of Hydrotherapy 
and Mechanotherapy. Bj' Richard Kovacs, M.D., Professor of Physi- 
cal Therapy, New York Polyclinic Medical School and Hospital; At- 
tending Physical Therapist, Manhattan State, Harlem Valley State and 
West Side Hospitals. Pp. 735; 413 engravings and a color plate. Fourth 
Edition. Cloth. Philadelphia: Lea & Febiger, 1942. Price, S8.00. 
Since this well-known work first appeared some 10 years ago the rapid 
progress in physical therapj”^ and the great demand for the book have 
necessitated new editions of which the present one is the fourth. 

As in the previous editions, so also in this one, the subject matter is 
well organized. It begins with the essential phj'sics— avoiding formulas 
and complicated equations— of electrical and light energies. Then follow 
in succession detailed descriptions of the various devices for the production 
of these energies, their physical and physiologic effects, indications and 
contraindications, technique of administration and their possible dangers. 
One new feature of this edition is the incorporation of 3 rather sketclij’ 
chaptens on hydrotherapj" and mechanotherapy. Next there follows a 
description of the application of physical therapj' in a great variety of 
diseases and disorders in the various branches of medicine. This latter 
part of the book has been considerably enlarged, covering nearly one-third 
(217 pages) of the text. Discussion of treatment by means of various 
electrical and light agents naturallj' predominates in this part of the book, 
but, as the author states, “the correlated or interchangeable use of other 
and often simpler physical measures have alwaj’s been emphasized. 
Several electrodiagnostic charts and tables have been appended to the text. 
A well-selected bibliography appears at the end of each chapter. 

The relation of electrodiagnosis to the newer electrophysiologj' has been 
further stressed and new chapters have been devoted to short wave dia- 
thermy. The electric shock therapj' method in mental conditions has been 
thoroughly described and chapters on peripheral vascular disease, chronic 
arthritis, traumatic and skin conditions rewritten and amplified. 

Like the earlier editions, this book is an authoritative, comprehensive 
exposition of electro and light therap 3 '. In reading the text, one 
pressed with the author’s thorough knowledge of his subject and his abilitj 
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to present the material in a clear, instructive manner. Relatively little 
space has been given to the discussion of controversial matters and to 
theories of a purely academic interest, the volume having been devoted 
chiefly to the description of methods of established value and to the discus- 
sion of problems of practical importance. In its field this book is a standard 
work in which the admirable text of the previous editions has been amplified 
and revised to include the latest developments in the field. This work 
cannot be recommended too high!}'. J. N. 


St.\ndard Nomenclature of Disease and Standard Nomenclature of 

Operations. Edited by Edwin P. Jordan, _ M.D. Third edition. 

Pp. 1022, Chicago: American Medical A.ssociation, 1942. 

It is hard to understand why this authoritative Standard Nomenclature 
of Disease has not come into more general use since its compilation in 1933 
by a distinguished group of medical men under the auspices of the Com- 
monwealth Fund. The present “completely revised” edition has been 
developed under new auspices v'ith a new editor and editorial advisory 
board; but retains the same basic plan and arrangement. Based on the 
Dewey decimal system, a Topographical Classification (to three digits) 
presents the parts of the body in 11 main divisions. An Etiological Classi- 
cation in 12 main divisions covers all known causes of disease. Thus, 
ankylosis of the knee (tuberculous) would be numbered 248—123,4 (2, 
muscular-skeletal system; 4, a joint; 8, knee— 1, infection; 2, a lower 
organism; 3, tubercle bacillus; .4, the result— ankylosis). 

The commoner diseases have been picked out in bold-face t^Tie, and a 
standard classification of operative procedures added. The Introduction 
and Instructions to Librarians aid the beginner to overcome rapidly the 
superficially formidable arrangement. Various small additions have been 
made and the new edition is more easily usable by the beginner. We 
intend to make regular use of the classification in our own work and are 
sure that such a course would Ire desirable in all hospitals and other center.s 
concerned with scientific medicine. E. K. 


Demonstration of Physical Signs in Clinical Surgery. By Hamil- 
ton Bailey, F.R.C.S. (Eng.), Surgeon, Rojml Northern Hospital, 
Ixrndon, etc. Eighth edition, revised. Pp, 336; 455 illustrations. 
Baltimore: _ The Williams & Wilkins Companj’-, 1942. Price, 87.00. 
This book is designed priinarily for medical students and house officcns 
hut it is well worth the consideration and time of many surgeons who have 
finished their training. It contains a concise review of the ph 3 ^sical signs 
which ma}" be elicited in various surgical conditions and emphasizes im- 
portant points to be sought in the historj’- in connection with them. Tire 
methods of eliciting these signs are well illustrated. Many of the plate.s are 
m color. The evaluation of their significance is helpful when given in 
tenns of the author’s own experience. 

No two .surgeons are likely to agree completely on the evaluation of 
lunTJcal signs and students of this book maj’’ subsequently^ revise the 
imjmrtance of certain signs in the light of their own e.vperience. However, 
the value of the book lies in emphasizing jihj'sical signs which are not 
rncitcd as Jrequentlj’- as they .should be, and in demonstration the great 
amount of infonnation which can be obtained without resort to complicated 
and time-consuming laboratory jirocedures. J. 
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Architectural Principles in Arthrodesis. By G. F. Rowbotham 
B.Sc., F.R.C.S. Pp. 132; 144 figures. St. Louis; The Williams & Wil- 
kins Company, 1942. Price, S7.50. 

Well done, indeed! This splendid treatise on the architectural principles 
in arthrodeses is a genuine contribution to bone surgery. The principles, 
so well developed, so carefully portrayed, are bj' no means restricted to 
arthrodeses alone, but applj' to bone repair in general. 

From the foreword by Harrj' Platt, to and including the last chapter, 
one is impressed with the deep thought and reflection given to the entire 
subject. 

The indications for an arthrodesis are generally accepted and may be 
regarded as uniformly sound. The common causes of failure are enumer- 
ated and the mechanical basis for their occurrence clearly illustrates this. 
The basic requirements of the architectural principles, namelj', “1. The 
gyaft should be placed with its long axis in compression rather than in ten- 
sion; 2. The breadth of the graft should be placed in the position of maximum 
stress; 3. A joint should be locked by two grafts crossing each other in the 
shape of the letter X; 4. There should be adequate protection of the graft,” 
form the basis of the laws of bone repair in general, and, this emphasis, 
alone, would justify the publication. J. M. 


Occupational Tumors and Allied Diseases. By W. C. Hueper, M.D., 
Assistant Director and Principal Pathologist, Warner Institute for 
Therapeutic Research, New York City. Pp. 896; many illustrations, 
3975 references. Springfield, 111.: Charles C Thomas, 1942. Price, 88.00. 
The ever-increasing interest in the problem of cancer as well as in the 
diseases associated with modem industp^ give this book a twofold value. 
After an introductory chapter surveying the significance of_ exogenous 
factors in the production of carcinoma, the author devotes himself to a 
consideration of the various organ systems and the causes produced therein 
by chemical and physical agents. The diversity of these substances is 
matched onlj"^ bj”^ the enormously varied industries in which they occur. 
The total number of cases attributed specifically^ to a certain chemical in a 
particular industry' are frequently' quite small and one is reminded of the 
early' bacteriologists who ascribed a particular disease to any' and every 
bacterium they found in the tissues. The author, however, has admittedly 
attempted to include all available data, and his extensive bibliography will 
enable the sceptic to refer to the original sources and decide for himself. 

The medico-legal aspects of the problem are considered in a separate 
chapter, as well as in the discu.ssion of the individual lesions. The compre- 
hensive index and good format add to the value of the book. It should 
be of interest to students of cancer, public health, and general medicine. 


Fundajientals of Anesthesia, An Outline by' the Subcommittee on 
Anesthesia of the National Rnsearch Council. Pp. 217; 72 illustrations. 
Chicago: American Medical Association Press, 1942. Price, 82.50. 
This manual is primarily' intended for the instruction of medical ofhcer.' 
as anesthetists. It has, however, a much wider field of usefulness particu- 
larly in the present emergency', where the administration of depre.^sant 
drugs and the care of patients with respiratory' and circulatory' depression 
will be often in the hands of the inexperienced. . 

Written by' a group of leading United States anesthetists, the outline i'- 
up to date in its coverage of inhalation, intravenous, and regional anesthesia. 
It covers the use of orally administer^ narcotics, but in a necessarily clog- 
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matic form. Its chief importance, however, is found in its sections on the 
management of depressed states of the respirator}’' and circulatory systems, 
whether these be due to narcotics, shock, surgety, and so forth. 

One can recommend this small volume unhesitatingly to medical students, 
interns and residents who may soon job the armed forces. It will also 
prove useful to older physicians who may be called as medical officers vith 
combat troops and who have forgotten the special problems _ discussed 
above. T^or .semi-trained anesthetists it will be a valuable guide in the 
acquisition of skill in the more complicated phases of technical anesthesia 
since both fundamental techniques and more advanced methods are covered, 

E. D. 


Cabot and Adams Physical Diagnosis. By F. Dennbtte Adams, M.D., 
Harvard Medical School, Massachusetts General Hospital. _ Thirteenth 
Edition. Pp. 888; 399 illustrations. Baltimore: The Williams & Wil- 
kins Company, 1942. Price, S5.00. 

It has been noted recently that doctors entering the armed forces ha'\’e 
manifested an outstanding deficiency in their physical diagnostic .skill. 
This may be a reflection, of the progressive de-emphasis that this subject 
has received in our teaching in.stitutions. Perhaps, then, this publication 
is timely in once again lucidly and systematically presenting the well- 
established principles of the bedside examination. 

That this book is one of the foremost in its field is obvious since it is now 
in its 13th edition. The 12th edition was a thorough revision and enlarge- 
ment of the previous text. This edition represents lesser changes. The 
.sections on the mouth, back, pulse, classification of heart murmurs and 
coronaiy heart disease have been thoroughly reorganized. The newer ideas 
on shock are concisely summarized in the chapter on congestive failure by 
the addition of a section on inadequate cardiac output. The list of clinical 
entities discussed has been enlarged and minor changes have been intro- 
duced where deemed beneficial isy the author. The author has drawn 
freely from the experiences of his colleagues at the Massachusetts General 
Hospital. These men constitute some of the most eminent physicians in 
American medicine. Needless to say, the factual material is well grounded. 

As a text for beginners one criticism is suggested. Physical diagnosis is 
frequently introduced to the medical student as his first clinical subject. 
The discussion of clinical entities, as it occurs in this book, is inaccessible 
to the young student. Teachers of physical diagnosis recognize the ineffi- 
ciency and fruitlessness of discussing clinical syndromes with the preclinical 
student in physical diagnosis classes. However, for the upper class student 
and the practising physician this book is highly recommended. It is a 
worthy addition to any doctor’s library. D. T. 


GmAY’s Anatomy. By Henry Gray, F.R.S., Late Fellow of the Royal 
College of Surgeons; Lecturer on Anatomy at St. George’s Hospital 
Medical vSehool, London. Edited by Warren H. Lewis, B.S., M.D., 
Memlier, The Wistar Institute of Ana'omy and Biolog}% Philadelphia. 
1 wonty-fourth Edition. Pp. 1428; 1258 figures, mostly in colors. 
nnladelphia:Lea & Febiger, 1942. Price, SllOO. 

Tim latest edition of this time-proven classic presents a most thorough 
revision. In addition, the Editor has obtained the assistance of 0 well- 
known anatoinists as his associates, repre.senting a unique departure from 
previous editions. Although the arrangement of chapters and .subject 
matter that have characterized the book for so many years remains un- 

vou a04. Ko. ."i.— sovEMiiF.n, 1942 a.! 
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changed, the text has been revised, rewTitten and augmented by the latest 
information. Many nerv illustrations are included. Thirty roentgenograms 
stress the important role of roentgenograph}' in anatomy as well as in 
medicine and surgei^'. These have been introduced in the chapter on Sur- 
face and Topographical Anatom}'. The book has grown in size by only 
47_ pages, but its value to the students has increased tremendously. Thus, 
this new edition of an old standby can only increase its well-desen’ed 
popularity. D. C. 


The Dynamic State of Body Constituents. By Rudolph Schoen- 
HEiMER, Late Associate Professor of Biological Chemistry, Columbia 
University. Pp. 78. Cambridge; Hanmrd University Press, 1942. 
Price, S1.75. 

This is a monograph embracing the three Harvard University 1941 
Edward K. Dunham Lectures for the promotion of the medical sciences. 
They were presented by Dr. Hans T. Clarke following the sudden death of 
the author. It is of primary interest to biochemists and clinicians inter- 
ested in' these problems. These lectures develop “a concept of metabolic 
‘regeneration,’ wherein the central idea is the continual release and uptake 
of chemical substances by tissues to and from a circulating metabolic ‘pool.’ 
Coincident with, these cyclic processes there occur among the components 
of the pool multitudinous chemical reactions, of which only relatively few 
are concerned with elimination of waste products.” R. B. 


A Textbook of Neuro-anatomy. By Albert Kuntz, Ph.D., M.D., 
Professor of hlicro-anatomy in St. Louis University School of Medicine. 
Third Edition. Pp. 518; 307 figures. Philadelphia: Lea & Febiger, 
1942. Price, 86.00. 

This book gives a reliable account of the parts of the nervous system and 
their interrelationships, rather than detailed descriptions of cellular struc- 
ture. The chapter on the thalamus now includes a modern consideration 
of its functional relationships and a section on the h}'pothalamus. Many of 
the cuts are reproduced better than in previous editions. The authorita- 
tive chapter on the autonomic system still remains one of the best in the 
book. W. A. 


Correction.— The price of the Infernalional Journal of Sex-Economy and 
Orgonc-Ttesearch, reviewed on page 290 of the August, 1942, issue wa.s 
given as 85 a year — the correct price is -83. 


NEW BOOKS 

.4 Handbook of Allergy for Sludcnls and Practitioners. By Wyndham B. 
Blanton, M.A., M.D., Litt.D., Professor of Clinical Medicine and 
Chief of the Immunolog}' Clinic, O.P.D., Medical College of ^’'irginla, 
Richmond, Va. Pp. 19*0; 20 figures. Springfield, 111.: Charles C 
Thomas, 1942. Price, -83.00. 

^[cdical Progress Annual. Vol. III-1942. Edited by Robert N. Nye, 
M.D., Managing Editor of The Nmo England Journal of Mcdictnc. 
Pp. 678; several figures. Springfield, 111.: Charles C Thomas, 194— 
Price, 85.00. 

.4 Short History of Cardiology. By Ja.mes B. Herrick, AI.D., Emeritus 
Professor of hlcdicine, Rush Medical College; Consulting Physician to 
Presbvterian Hospital, Chicago. Pp. 240 ; 48 plates. Springfield, HI.: 
Charles C Thomas, 1942. Price, 83.50. 
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NEW EDITIONS 

An Introduction to Materia Medica and Pharmacology. By Hugh Alister 
McGuigan, Ph.D., M.D., Professor of Materia Medica, Pharmacologj’ 
and Therapeutics, University of Illinois College of Medicine, Chicago, 
and Elsie E. Krug, B.S., R. N., Science Instructor, St. Marj^’s School 
of Nursing, Rochester, Minn. Third Edition. Pp. 779; 47 text illus- 
trations, 37 color plates. St. Louis; C. V. Mosby Company, 1942. 
Price, S3.50. 

First Aid and Bandaging. By Arthur D. Belilios, M.B., B.S. (Loxn.), 
D.P.H. (Eng.) and others. Fourth reprint. Pp. 628; 239 figures. Balti- 
more: Williams & Wilkins Company, 1942. Price, 81.75 

IFar and the Doctor. Essays on the Immediate Treatment of lF«r Wounds. 
Edited by J. M. Mackintosh, M.D., Chief Medical Officer of the Depart, 
of Health for Scotland. Second Edition, reprinted. Pp. 135. Balti- 
more: William Wood & Co., 1942. Price, 82.00. 

A Curriculum for Schools of Medical Technology. By Israel Davidsohn, 
M.D., Director of Laboratories and Pathologist, Mt. Sinai Hospital, 
Chicago; Assistant Professor of Pathologj', College of Medicine of the 
University of Illinois. Second Edition. Pp. 47. Aluncie, Ind.: Pub- 
lished by Registry of Medical Technologist, Ball Memorial Hospital. 

Human Pathology. By Howard T. ICarsner, M.D., Professor of Path- 
ologj”^. Western Reserve University, Cleveland, Ohio. Sixth Edition. 
Pp. 817; 460 illustrations and 16 color plates. Philadelphia: J. B. 
Lippincott Company, 1942. Price, 810.00. 

This new edition of Karsner presents a thorough revision of an excellent text. 
The format has been changed, ivath 2 columns to the page for easier reading. A 
section on vitamin deficiencies has been added. The chapter on neoplasia has been 
almost entirely rewritten to incorporate the results of recent research. The chap- 
ter on the principles of infectious diseases has been enlarged. The bibliolffaphy 
has kept pace with the changes in the text and constitutes, as in previous editions, 
a most valuable feature of the book. These are but a few of the numerous changes 
and additions that have brought this book up-to-date. About half the text has 
been entirely rewritten and much of the remaining material has been rearranged. 
AVell over a 100 new illustrations have been provided and photographs and photo- 
micrographs largelj' replace the older drawings. 

The Reviewer finds the book easier to read than previous editions and strongly 
recommends it, not onl.v as a sound reference, but as an interesting and readiiblc 
text. It is, in his opinion, the best one-volume textbook of pathologj’ avail^le. 

D. C. 

Pharmacopoeia of the United States of America. Tivelfth Revision. By 
authority of the U. S. Phamiacoiioeial Convention meeting at Washing- 
ton, D. C., 1940. Prepared by the Committee of Revision and Pub- 
lished bj' the Board of Trustees. Pp. 880. Easton, Pa.: Mack Printing 
Company, 1942. Price, 87.50. 

Comparative Vertebrate Anatomy. By Libbie Henriett.x Hi'M-\n, Re- 
search Associate, American Museum of Natural Historj', New York City. 
Second Edition. Pp. 544; 136 figures. Chicago: Univ. of Chicago 
Press, 1942. Price, 83.50. 

This is a revision of the Laboratorj- Manual for Comparative Vertebrate Anat- 
omy so popular for 20 years. In this edition the textual material has been clano- 
ratM so that the book can serve as a text as well ns a laboratory manual. ..onie 
illustrations are new, and all are taken from the specimen. " • 

Fractures and Dislocations. By Kellogg Speed, S.B., M.D., F.A.C.S., 
Professor of Surgepj’ (Rush) of the University of Illinois; Atteiming 
Surgeon, Presbiderian Hospital; Formerly Attending Surgeon, Cook 
Countv Hospital, Chicago, 111. Fourth Edition. Pp. HOG; 1140 en- 
gravings. Philadelphia: lAia & Febiger, 1942. Price, 812.50. 
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PROGRESSIVE THERAPEUTICS AS AIDED BY 
U. S. PHARMACOPEIA XH 

As was pointed out in tlie May issue of this Journal, the laborious 
task of the Twelfth Revision of the United States Pharmacopeia has 
recently been completed. The object of this revision was to bring into 
the Pharmacopeia the progress relating to therapeutic agents that had 
been made in the course of the past few years. There can be little 
doubt that most physicians regard the Pharmacopeia as an important 
te.vt, since it provides the legal standards for the quality and purity of 
medicinal agents. More and more physicians have come to prescribe 
drugs with the term “U.S.P.” written after the name, or to use the 
official title for a drug which insures that a preparation of Pharmacopeial 
quality will be dispensed. To the extent to which that is done, the 
Pharmacopeia comes directlj-^ into the practice of efficient therapy. 
Beyond that, however, physicians make very little use of the Pharma- 
copeia, since they justly think that the details of matters concerning 
standards and purity are more directly in the domain of the pharmacist 
and manufacturer than in that of the practising physician. They 
seldom turn to the Pharmacopeia for therapeutic assistance, since the 
text contains no direct therapeutic discussions. 

We wish to call particular attention, however, to one aspect of the 
work of Pharmacopeial revision which makes this text, from one stand- 
point, one of the most important sources of therapeutic information 
available to the physician, namely, the aspect of scope. W'hat is new 
in the field of therapy? Do these new preparations represent essential 
advances, or are they merely duplications and non-essential modifica- 
tions of old remedies? How do matters stand with the preparations 
tiiat have been in use during the past decade? No greater burden rests 
«pon the physician who seeks to practise the most advanced and rational 
therapeutics than the one of selection of drugs. The literature which 
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usually brings these matters to his attention is voluminous, confusing, 
and often represents some specific bias. The course of therapeutic 
progress is devious and difficult. The Scope and Therapeutics Com- 
mittees of the Pharmacopeia deal specifically with these problems. 
The selection of drugs is based upon intensive discussions and delibera- 
tions of a group of experts in the various fields to which these agents 
are applied, including physicians, pharmacologists, chemists and phar- 
macists, representing sufficiently wide experience to insure the inclusion 
of diversified views. The “additions” as well as the “deletions” of 
the new Pharmacopeia represent their decisions. 

It is the object of this second section of the review to point out, by 
brief accounts of a few of the more important groups of therapeutic 
agents which have been adopted in the Twelfth Revision, tlie type of 
considerations which go into the final selection of the list of Pharma- 
copeial drugs. If the physician will familiarize himself with the agents 
described in the new Pharmacopeia, he will have gone a long way 
toward solving a very trying problem, on the one hand, of insuring the 
fact that he does not overlook many significant developments in thera- 
peutics, and, on the other hand, of escaping the deluge of so-called new 
preparations which have contributed almost nothing of intrinsic value 
to the efficacy of therapeutic practice. No text other than the Pharma- 
copeia sets that up as one of its major functions. It should be noted 
that the discussions of the few groups of agents which follow are intended 
merely to be illustrative. To consider all the agents of the Pharmacopeia 
in this manner would carry this review beyond its proper limits. 

Antacids. The previous Pharmacopeia described standards for the 
following antacids : Sodium Bicarbonate, Magnesium Carbonate, Mag- 
nesia Magma (Milk of Magnesia), Magnesium Oxide (light), Heavy 
Magnesium O.xide, Precipitated Calcium Carbonate, Prepared Chalk 
and Tribasic Magnesium Phosphate. These are described in the forth- 
coming Pharmacopeia, in addition to four new tj^pes of preparations: 
Tribasic Calcium Phosphate, Aluminum Hydroxide Gel, Dried Alu- 
minum Hydroxide Gel and Magnesium Trisilicate. 

The available aluminum hydroxide preparations of commerce vary 
in their aluminum oxide content, and in their power to absorb acid. 
The U.S.P. standards require that the aqueous suspension in the form 
of the gel represents approximately 4% AI2O3, and that the a^'erage 
dose of 8 cc. (2 teaspoonfuls) consumes between 100 and 200 cc. of 
0.1 N hydrochloric acid. The dose of Dried Aluminum Hydroxide Gel 
is given as 0.6 gm. (10 grains), and this is required to consume at least 
150 cc. of 0.1 N hydrochloric acid. 

Magnesium Trisilicate is tested for its power to adsorb methylene 
blue and also for its acid-consuming capacity. The U.S.P. dose of 
1 gm. (15 grains) is required to consume appro.vimately 150 cc. of 
0.1 N hydrochloric acid. Standards are provided for a Magnc.sium 
Trisilicate Tablet. The 0.5 gm. (7-1 grains) size is usually prescribed. 
In the form of the tablet the acid-consuming power is somewhat less, 
namely about 100 cc. 0.1 N hydrochloric acid per gram. 

Witli these new compounds in the Pharmacopeia, advanced principles 
in antacid therapy are recognized, namely, the control of acidity l)y 
physical absorption and reduction of acidity of the gastric juice without 
complete neutralization or alkalization of the gastric contents. These 
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coinpounds reduce the liydrogen ion content of the gastric juice but 
do not possess the power to alkalinize. In addition to removing hydro- 
gen ions, tliey exert astringent and coating properties. The trisilicate 
of magnesium especially forms an adherent gelatinous coating with 
protracted antacid properties of protective and healing value in peptic 
ulcer. 

The Tribasic Calcium Phosphate (dose 1 gm.; 15 grains) serves not 
only as an antacid but as a useful source of calciurn and phosphorus. 
This is of some importance, in view of the recent evidence that alumi- 
num hydroxide may precipitate the non-absorbable aluminal phosphate 
and thereby deplete the body of phosphorus stores, leading to phos- 
phorus deficiency. 

Sedatives and Hypnotics. The Pharmacopeia now includes four 
classes of agents in this group: barbiturates, chloral hydrate, bromides 
and paraldehyde. Among the barbiturates, Barbital, Barbital Sodium, 
Phenobarbital and Phenobarbital Sodium represent the older prepara- 
tions. Their duration of action is long. The addition of the Elixir of 
Phenobarbital meets the need for a liquid barbiturate preparation. It 
contains 15 mg. (| grain) of Phenobarbital to the teaspoonful. It is 
especially useful in children. Pentobarbital Sodium has been added 
as a representative of the rapidly acting barbiturates. For sustained 
action as a sedative during the day, Phenobarbital is most useful. 
It may also be used in the same or somewhat larger doses at bedtime 
to promote sleep. Barbital may be used in a similar manner, although 
it is more commonly employed in the form of a 5 grain tablet at bed- 
time. With respect to their therapeutic actions. Barbital and Pheno- 
barbital are interchangeable. There is a significant difference in their 
mode of elimination. The largest part of a dose of Barbital is excreted 
by the kidney, while in the case of Phenobarbital, only a small part of 
the dose is excreted in this manner, the rest being destroyed in the body. 
If it is necessary to secure somewhat stronger action to induce sleep, 
one often finds that Pentobarbital Sodium is more satisfactory, since 
a larger dose may be given, 0.1 to 0.2 gm. (1| to 3 grains), with less risk 
of a protracted hangover the following day. The sodium salts of the 
barbiturates are soluble and somewhat more rapidly absorbed than the 
])arent sul)stances. They are particularly important in relation to the 
\ise of barbiturates by parenteral administration. The only one that 
can be given subcutaneously is Phenobarbital Sodium. Its solution is 
nearly neutral, while the solutions of the other barbiturates are strongly 
alkaline and irritant. The introduction of standards and methods for 
the assay of tablets and capsules of the barbiturates gives further 
assurance of uniformity among the dosage forms in which these com- 
])ounds are most commonly employed. 

In cases of epilepsy, in which very large doses of bromides are some- 
times given, there are occasions when large amounts of sodium base are 
undesirable, and others in which large amounts of potassium might 
prove harmful. The Pharmacopeia has therefore included both Sodium 
Bromide and Potassium Bromide. Calcium Bromide and Ammonium 
Bromide have been deleted as unnecessary duplications. Carbromal, 
one of the hypnotics of the urea group, has been dropped. It has a 
^ cry limited sedative action which can be satisfactorilv secured from 
small doses of Phenobarbital. 
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It is important to have at one’s command more than one sedative or 
hypnotic agent because of the special problems presented by different 
patients. Often the patient is hypersensitive to one and not to another. 
On the other hand, the large number of hypnotic agents availalffe in 
commerce represents a great deal of duplication which leads only to 
confusion and inefficient therapy. The simplified list of preparations in 
the new Pharmacopeia meets all essential needs. 

Diuretics, The role of diuretics in the medicinal control of cardio- 
vascular disorders has increased greatly in recent years. Knowledge 
concerning the conditions to which these may be usefully applied, their 
dosage and methods of administration, has made great strides. The 
Scope and Therapeutics Committees of the Pharmacopeia have selected 
from the large number of available preparations a small group of the 
most effective compounds. A diversity of therapeutic indications are 
taken into account. 

Among the xanthines there are Theophylline, dose 0.2 gm. (3 grains); 
Theophylline Ethylenediamine, dose 0.2 gm. (3 grains); and Theobro- 
mine and Sodium Acetate, dose 0.5 gm. (7| grains). Standards for the 
most frequently used dosage forms are described; Theobromine and 
Sodium Acetate Capsules, Theophylline Tablets, Theopliylline and 
Sodium Acetate Tablets, and Theophylline Ethylenediamine Taldets. 
While they all possess the same type of diuretic action, there is taken 
into account the belief that some patients tolerate one of the xanthines 
better than another. Tire doses stated are not strictly comparable in 
terms of the purine base, but are sufficient as a starting point in therapy. 

Some patients are so sensitive to the central stimulant action, or to 
the local irritant action of the entire group of xanthine diuretics that 
wakefulness, ner\'ousness, or digestiA'e upsets occur before sufficient is 
taken to affect the edema. In such cases Urea or .Ammonium Chloride 
may be substituted. The Urea is given in such large doses, often as 
high as 1 ounce 3 times a day, that it is best prescribed in a powder 
with directions to dissolve the dose in chilled sweetened orange juice. 
The Pharmacopeia describes standards for Ammonium Chloride Cap- 
sules of 1 gm. (15 grains) each, and 1 or 2 capsules are usually taken 
every 4 hours, although much larger doses are sometimes needed. It is 
frequently' prescribed in enteric coated tablets to overcome the irritant 
action in the stomach, although there is a good deal of doubt as to 
whether that result is accomplished by the enteric coating. 

The organic mercurials are included for those cases in which oral 
diuretics do not suffice. The new Pharmacopeia describes these in the 
form of ampoule solutions; Mercurophylline Injection (Mercupurin) 
and Mersalyl and Tlieophy'lline Injection (Salyrgan with Theophylline). 
As indicated b.v the Pharmacopeia! directions, experience seems to favor 
the intramuscular route, and the 1 cc. dose of the former and the 2 ce. 
dose of the latter, although both doses are used for both preparation.s, 
and the intravenous route is frequently preferred. It is noteworthy 
that, while the previous Pharmacopeia descriijed the mercurial alone, 
the present one directs the use of the combination with a .xanthine. I he 
new text has taken account of the more recent evidence indicating that 
the addition of a .xanthine to an organic mercurial reduces the local 
irritant action and toxicity. It is important to have more than one 
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organic mercurial available because there are patients hypersensitive 
to one who show no intolerance to another. 

For the groups of edematous patients, especially those Avith chronic 
nephritis, in whom all the foregoing are sometimes ineffectual, Potas- 
sium Nitrate or Potassium Chloride are sometimes of great benefit. 
The potassium salts lead to the accumulation of potassium base and 
excretion of sodium which in turn results in a diuresis. Standards 
are provided for the Potassium Chloride Tablets which may be pre- 
scribed in doses of 1 or 2 gm. (15 to 30 grains) 3 times a day. 

Antiluetic Agents. While there has been a great deal of active 
research in the field of antiluetic therapy during the past 10 years, it is 
noteworthy that no extensive revision in the scope of essential agents 
has become necessary in the new Pharmacopeia. Scores of arsenic and 
bismuth compounds and their preparations are marketed, but there is 
indeed a question whether most of them have brought about any sig- 
nificant improvement in the treatment of syphilis. Such preparations 
as Bismarsen representing combined arsenic and bismuth therapy in 
one compound for intramuscular use, and Sobisminol Mass for oral 
treatment of syphilis have excited a great deal of interest, but they 
cannot be considered as having established superiority for routine 
therapy. Mapharsen, the hydrochloride of arsenoxide, although a 
relatively new compound, has received extensive trial and reports of 
favorable experience are so abundant that little doubt remains con- 
cerning the fact that it will come to play an important role in the treat- 
ment of syphilis. The largest experience in effective antiluetic therapy, 
however, relates to the limited group of agents official in the forth- 
coming Pharmacopeia. 

Among the arsenicals, the standards for Ai'sphenamine and Neo- 
arsphenamine are carried over into the new Pharmacopeia. Try- 
parasamide, dose 2 gm., is described for the special problems of neuro- 
syphilis. While there is no question of the superiority of intravenous 
arsenical treatment, there are occasions when the intravenous route is 
not feasible, especially in children. This need has been met by the 
inclusion of Sulfarsphenamine, dose 0.45 gm. (7 grains), in the new 
Pharmacopeia. It is recognized to possess greater toxicity for adults 
than for children, but there are indications of improvement in the 
method of manufacture Avhich has reduced its toxicity. 

For oral treatment, Sodium Iodide and Potassium Iodide are con- 
tinued. 

There are several mercury compounds. Mercuric Salicylate is an 
insoluble preparation employed in the form of a suspension in oil. 
Tiic .standards for such an oily suspension are now described under 
J^Iercuric Salicylate Injection. The drug is usually administered in a 
dose of 1 cc. of the suspension by intramuscular injection containing 
approximately 0.1 gm. (1| grains) of Mercuric , Salicylate and repre- 
senting approximately 50 mg. of mercury. Mercuric Succinimide is an 
organic mercurial compound containing slightly less mercury and 
repre.sents a very soluble mercury preparation, 'it is relativelv non- 
irntant by comparison with inorganic soluble mercurials such as 
hichlonde of mercury. It is administered intramuscularly in aqueous 
so utions in doses of 15 mg. {\ grain). It is usually avail'able in 2.5% 
solutions, dose 0.0 cc. The difference in the dosage from that of 
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]\Iercuric Salicylate should be noted. The average intramuscular close 
of the insoluble salicylate represents about 50 mg. of mercury, while 
that of the soluble succinimide represents only about 7.5 mg. of mer- 
cury. A noteworthy change in the new Pharmacopeia is the reduction 
in the number of mercur^'^ compounds for the treatment of sypliilis 
wliich represented unnecessary duplication. The Yellow Mercurous 
Iodide has been deleted. Also, in line with the diminishing use of oral 
antiluetic mercurial therapy, oral doses are no longer provided in the 
Pharmacopeia for Mercury Bichloride and Mercuric Succinimide. The 
only mercurial preparation for oral administration of mercury as an 
antiluetic agent contained in the present Pharmacopeia is the Mercury 
with Chalk prescribed in an average dose of 0.25 gm. or 4 grains, repre- 
senting 95 mg. of mercury. 

Among the bismuth preparations there are included Bismutli and 
Potassium Tartrate, and the Bismuth Subsalicylate. The Bismuth 
and Potassium Tartrate is a compound very soluble in water and 
rapidly absorbed. It is administered by intramuscular injection in an 
average dose of 0.1 gm. (1^ grains), representing about 62 mg. of bis- 
muth. This compound must be stored in light-resistant containers 
because it darkens on exposure to light. The Pharmacopeia provides 
standards for the two common dosage forms in which this material is 
administered, namely, in the form of an aqueous solution in which the 
absorption is most rapid, and an oil suspension in which tlie absorption 
is delayed. The usual aqueous preparations contain 50 mg. of the 
compound in 2 cc., and the oil suspensions 100 rag. in 2 cc. The oil 
suspension of Bismuth and Potassium Tartrate is often given in twice 
the dose of that in the form of the aqueous solution and the intervals 
between injections are usually 7 days in the case of the oil suspension 
as against 2 to 3 days in the case of the more rapidlj' absorbed aqueous 
solution. 

Bismuth Subsalicylate is an insoluble compound. The new Pharma- 
copeia provides the standards for the Bismuth Subsalicylate Injection, 
the oily suspension in which it is usually employed. The average dose 
is 0.1 gm. (1| grains) by intramuscular injection, representing about 
57 mg. of bismuth, and is commonly available in the oily suspension 
containing this dose in 1 cc. Bismuth Subsalicylate appears to be the 
most widely approved bismuth preparation for the treatment of syphilis. 

Vitamins. The forvv’ard strides in vitamin research in recent years 
and the avalanche of vitamin preparations of commerce have created a 
state of confusion bordering on chaos in therapeutics. Some of the 
earlier discoveries of vitamins were made in relation to a search for the 
cause of well-known diseases such as pellagra, beriberi anrl scurvy. 
^Yhen the purified materials were isolated, physicians were in possession 
of considerable knowledge of the uses to ndiieh tliey could be put. It is 
otherwise in the case of se\'eral of the vitamin compounds more recently 
brought to light. The search for the latter was correlated more directly 
with the growth and metabolic abnormalities in experimental animals. 
For example, pantothenic acid w'as developed in relation to the cure of 
the nutritional dermatitis of chicks, pyridoxine in relation to the cure 
of the pink or florid dermatitis (acrodynia) in rats kept on a deficient 
diet, vitamin E (wheat germ oil or alpha-tocopherol) in relation to tlie 
prevention or cure of neuromuscular degeneration and reproductive 
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disorders due to dietary deficiencies in lower animals. Little is known, 
however, of the role of these and other of the newer vitamins such as 
biotin and choline in human disorders, although numerous suggestive 
observations in man have been made. An authoritative expression on 
the scope of the therapeutically effective vitamins by the Pharmacopeia 
is therefore very welcome. 

The wddely different compositions and potencies of market prepara- 
tions present another trying problem for the practitioner. There is 
the further fact that he should be assured not only that the labeled 
potency is correct, but that the method by which potency is determined 
gives results which are applicable to Immans. There are several 
methods of assay for most of the vitamins, and they do not always give 
the same results when two materials are compared. There is evidence, 
for example, that, in relation to vitamin D, the liver oil of the blue-fin 
tuna is about G times as effective in the rat as in the chick, while the 
oil of the white sea-bass is only about one-lialf as effective in the rat as 
in the chick. This is probably due to the different composition of 
specific sterols in the two oils, one of which is more effective in one 
species than in the other. The selection of a proper bioassay method 
which will establish constant potency of vitamin materials for man is, 
therefore, a matter of major importance. 

The previous Pharmacopeia described only two materials for their 
vitamin content, vitamins A and D, in the form of Cod Liver Oil (dose 
8 cc. daily or at least 600 units of vitamin D and 6000 units of vita- 
min A), and the Emulsion of Cod Liver Oil (dose twice as large). 
These doses pro\dde adequate intake of the two vitamins for prophylac- 
tic purposes. At this point it may be stated that all the Plmrmacopeial 
doses of vitamins apply to prophylaxis. Larger amounts are usually 
necessary in established deficiency diseases. The subject of the vita- 
mins was given intensive study by several subcommittees of the U. S. 
Pharmacopeial Revision Committee, the committees on Scope, Thera- 
peutics, Bioassay, and the U.S.P, Vitamin Advisory Board. The 
essential progress of the past 10 years has now been incorporated in the 
new text. There are described suitable preparations of all the A'itamins 
of established value, proper dosage forms, methods of assay, and 
average dosage. 

For the treatment of vitamin A deficiencies (nictalopia, xerophthal- 
mia, follicular keratosis), the Pharmacopeia provides a rich source of 
vitamin A in the preparation. Oleovitamin A. This preparation repre- 
sents a concentrated solution in oil of natural vitamin A obtained from 
fish liver sources. It is required to contain at least 50,000 units of 
vitamin A per gram (above 50 drops) and not more than 1000 units 
of vitamin D. It is more suitable as a clinical source of vitamin A 
than Cod Liver Oil. The prophylactic daily dose of this preparation 
is 0.1 cc. {U minims or 5 drops), representing at least 5000 units of 
vitamin A with a negligible amount of vitamin D (100 units or less). 
To obtain the same amount of \'itamin A it would be necessary to give 
2 teaspoonfuls of Cod Liver Oil which has, from certain standpoints, 
the further disadvantage of the presence of large amounts of vitamin D. 
The Pharmacopeia also describes Oleovitamin A capsules, one contain- 
ing 5000 units and the other 25,000 units. One of these smaller cap- 
.sules daily is used for prophylaxis, and the latter for massive dosage in 



764 


PROGRESS OF MEDICAL SCIENCE 


treatment. It is noteworthy that for vitamin A therapy the Pharma- 
copeia does not provide any carotene preparations or synthetic materials 
of vitamin A. The use of vitamin A parenterally also seems to be too 
unsettled for routine application. 

As a concentrated source of vitamin D for the prevention and treat- 
ment of rickets and other vitamin D deficiencies, the new Pharmacopeia 
describes the preparation Synthetic Oleovitamin D (\nosterol in oil, 
activated ergosterol in oil). It is provided only in solution because dry 
pure viosterol loses potency fairly rapidly. The text requires that the 
label shall indicate whether the preparation contains vitamin D 2 or 
vitamin D3, because there is some doubt as to the identity of their 
actions in man. In this connection it should be noted that there are 
several antirachitic sterols from vegetable and animal sources. The 
two most important ones are ergosterol (from vegetable sources) and 
7-dehydrocholesterol (from animal sources). These compounds are 
isomers and acquire antirachitic functions through the action of specific 
radiant energy (ultraviolet rays) which leads to a shift of the position 
of the double bond in the molecule. This process is referred to as activa- 
tion. Activated ergosterol is a crystalline compound also called vita- 
min D 2 , and activated 7-dehydrocholesterol is also called vitamin D 3 . 
These two vitamin D sterols have different relative potencies in different 
species of animals. In the chick, the rat unit of the vitamin D derived 
from cholesterol (Da) is nearly 20 times as effective as the rat unit of 
vitamin D derived from ergosterol (D 2 ). The vitamin D from the two 
sources is therefore not identical, although the evidence indicates that 
their behavior in man parallels fairly closely their behavior in the rat. 
The rat method, therefore, has been adopted by the Pharmacopeia for 
the standardization of vitamin D materials. 

The preparation Sjmthetic Oleovitamin D has the advantage o\'er 
Cod Liver Oil for the prophylaxis and treatment of rickets that it is 
highly concentrated, it is odorless, and has a bland taste. It contains 
not less than 10,000 U.S.P. units of vitamin D per gram. Since the 
prophylactic requirement is only about 1000 units daily, at least this 
amount will be present in a dose of the oil of 0.1 cc. or minims or 
.5 drops. It has the further advantage over Cod Liver Oil that large 
doses of vitamin D can be administered without simultaneous use of 
the large amounts of vitamin A present in Cod Liver Oil. 

For the problems of mixed fat-soluble vitamin deficiencies in which 
it is desirable to use both vitamins A and D, the Pharmacopeia provides 
4 new preparations, namely. Cod Liver Oil, Emulsion of Cod Liver Oil, 
and 2 new preparations. Oleovitamin A and D, and Concentrated 
Oleovitamin A and D. The Oleovitamin A and D is intended as a 
substitute for Cod Liver Oil. It is of particular importance in relation 
to the shortage of natural Cod Liver Oil at the present time. Tlie 
vitamin A in this preparation comes from natural fish liver sources, and 
the vitamin D content may be either from synthetic or natural source.s. 
The dosage is the same as for Cod Liver Oil, 8 cc. or 2 teaspoonfuls 
representing approximately 700 units of vitamin D and 7000 units of 
vitamin A. The potency of this preparation is likely to be more uni- 
form than that of Cod Liver Oil because, while the Pharmacopeia fixes 
its potency, the text specifies only a minimum potency for Cod Liver 
Oil. There remains to be considered, however, the possibility that 



THERAPEUTICS ’<’65 

there may be factors of therapeutic value in Cod Liver Oil which are not 
disclosed by the specific tests for vitamins A and D. 

The preparation Concentrated Oleovitamin A and D provides a 
highly concentrated source of both vitamins A and D. It represents 
for the most part a combination of the preparations Oleovitamin A and 
Synthetic Oleovitamin D, The standards require a fixed content of 
ijoth vitamins A and D. The daily prophylactic dose of this prepara- 
tion is 0.1 cc. (1| minims or 5 drops), representing approximately 
5000 units of vitamin A and 1000 units of vitamin D. This is an ex- 
tremely useful preparation for both the prophylaxis and the treatment 
of conditions requiring the combination of the two vitamins. A dose of 
5 drops of this preparation provides approximately the same amount 
of vitamins A and D as is found in a 2 teaspoonful dose of a good 
grade of Cod Liver Oil. This dose is contained in the Pharmacopeia! 
Capsule of Oleovitamin A and D. The capsule is a convenient dosage 
form, 1 capsule daily being required for prophylactic purposes. 

For the treatment of alcoholic polyneuritis, the beriberi heart and 
the Avide variety of conditions associated Avith vitamin Bi deficiency, 
the Pharmacopeia provides the preparation Thiamine Hydroehloride 
Avith an average daily dose of 5 mg. (yV grain). The chemical method 
of assay is described for this compound. There is also included the 
tablets of Thiamine Hydrochloride Avhich are generally provided in 
sizes of 3, 5 and 10 mg. The potency of these tablets is assured by a 
detailed colorimetric test described in the Pharmacopeia. The text also 
describes a biologic test, the rat method, inAmlving the cure of poly- 
neuritis in rats, for assaying the thiamine content of preparations con- 
taining this Aotamin. It should be noted that the elixir of thiamine 
hydrochloride, Avhich is fairly popular, is not included because of the 
instability of such liquid preparations. The Pharmacopeia also includes 
Rice Polishings (Tikitiki) as a rich crude source of the antineuritic 
vitamin. 

Nicotinic Acid is the most important single member of the B complex 
responsible for the curative effects of such food products as liA'er, AAdieat 
germ and yeast in the multiple deficiency disease knoAAm as pellagra. 
The synonym Niacin has been adopted in order to aAmid the confusion 
Avith nicotine, the toxic alkaloid of tobacco. The aA'erage dose of 
Niacin, as giA^en by the Pharmacopeia, is 25 mg. (f grain). Much 
larger doses are often used. Standards are also proA'ided for Nicotinic 
.^cid Tablets, of Avhich the common sizes are 25, 50 and 100 mg. Nico- 
tinic Acid often produces a histamine-like flush Avhich is sometimes quite 
disturbing. This effect is much less pronounced in the amide of 
Nicotinic Acid. The Pharmacopeia has therefore also included Nico- 
timimide (Niacinamide), and the tablets of this compound in dosages 
.similar to Nicotinic Acid. The amide is about 60 times as soluble in 
AA'ater as the Nicotinic Acid. Both forms are desirable at the present 
time, because it is not satisfactorily established that the tAvo are in all 
respects interchangeable in therapy. Chemical standards are proA-ided 
for these pure compounds, as avcU as for their tablets. In addition, 
there is included a biologic method of assay for Nicotinic Acid in 
nuxtures in Avhich it may be contained. This method is based on the 
eflect of Nicotinic Acid on the liberation of acid by the LadohnHllm 
arahinosh. 
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The therapeutic usefulness of other members of the vitamin B group 
does not appear to be sufficiently established to have warranted their 
inclusion in the new Pharmacopeia at the time of the preparation of 
the original text, namely. Pantothenic Acid, Pyridoxine and Choline. 
There are no well-established human deficiencies which can be ascribed 
with certainty to the lack of these materials. Nevertheless, they are 
found in human tissues and undoubtedly play a role there. The special 
conditions arising during the war which may involve gross dietary 
defects among armed as well as cmlian groups make it desirable to 
have available a concentrated mixture of the members of the B complex 
in such proportions as seem appropriate from the limited experience 
that exists. The Supplement to the Pharmacopeia is therefore to de- 
scribe the standards for Calcium Pentothenate and Pyridoxine Hydro- 
chloride. There is to be a tablet and a capsule, each containing the 
mixed vitamins of 250 mg. of Liver Extract fortified with the following; 
1 mg. of Thiamine Hydrochloride, I 5 mg. Riboflavin, 10 mg. Nicotin- 
amide, 5 mg. Calcium Pantothenate and 1 mg. Pyridoxine Hydro- 
chloride. There is also to be a preparation of a powder of Liver Extract 
rich in vitamins for oral administration and a similar material in liquid 
form for parenteral administration. In addition there is to be a solu- 
tion of Liver Extract rich in B vitamins for parenteral administration, 
also fortified by the addition of small amounts of the following: Cho- 
line, Nicotinic Acid, Pantothenic Acid, Pyridoxine Hydrochloride and 
Riboflavin, 

For the prophylaxis and treatment of scurvy and other vitamin C 
deficiencies, the Pharmacopeia includes Ascorbic Acid and the Tablets 
of Ascorbic Acid which are commonly available in doses of 25, 50 and 
100 mg. The average daily dose which extensive experience has estab- 
lished is 50 mg. (j grain) by oral administration. Chemical and 
colorimetric methods are de.scribed for the standardization and assay 
of the crystalline compound as well as the tablets. 

Antimalarials. The use of cinchona alkaloids in the treatment of 
malaria presents a special problem at the present time. Prior to the 
war, about 90% of tlie world’s cinchona bark came from Java. Tin’s 
bark was obtained chiefly from high quinine-yielding trees and repre- 
sented the chief source of the world’s supply' of quinine. The Pharma- 
copeia has included Quinine, Quinidine and their salts for use chiefly 
in the treatment of malaria, although relatively small amounts are used 
also in the treatment of disorders of cardiac rhythm. These sources of 
Quinine have now been shut off by the war in the Pacific, with the result 
that attention has again been focused on the use of the other alkaloids 
of the cinchona tree as antimalarial agents. There are now numerous 
studies indicating that the mixed alkaloids of cinchona bark, even those 
mixtures relatively poor in quinine, are nearly, if not quite, as effective 
as Quinine itself in the control of malaria. These mixtures of the 
alkaloids of cinchona bark are called Totaquinc. In view of the fact 
that the mixtures of cinchona alkaloids from different sources and 
different barks show wide differences in composition, the new Pharma- 
copeia has adopted a set of standards for Totaquinc which is for the 
most part now secured from sources in Central and South^ America. 
The sources now available have a rather low content of Quinine, and 
while the U.S.P. XII preparation wa.s at first required to contain not 
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less than 10% of anhydrous quinine, the difficulty of maintaining this 
standard in cinchona bark from present sources has led to the proposal 
to lower the minimum requirements of quinine in Totaquine to 7 %. 
Totaquine as a substitute for quinine is administered in somewhat 
larger doses than quinine, namely, 0.6 gm. (10 grains), 3 times daily. 
It is highly probable that little is lost in the efficiency of the treatment 
of malaria by the substitution of Totaquine. In addition, it provides 
an antimalarial agent which is less costly than quinine. _ 

Among the synthetic antimalarial substitutes for quinine, the Phar- 
macopeia has included Quinacrine Hjffirochloride and its tablets. This 
is a bright yellow powder, soluble in water and possessing a bitter taste. 
Like quinine, it is effective chiefly against the asexual forms of the 
Plasmodium. The Pharmacopeial dose is 0.1 gm. (1| grains), which 
may be given in the form of the tablet 3 times daily for a period of 
about 5 days in the average case of malaria. This material is an 
acridine dye and causes a somewhat persistent yellow staining of the 
tissues of the patient. Unlike quinine, its excretion is fairly slow and 
often as long as a month or two is allowed to elapse before a course is 
repeated. The toxicity of this compound by oral administration is 
relatively low and it is not apt to cause cinchonism. Wlnle there is 
little doubt about the value of Quinacrine in the average case of malaria, 
there is still some question regarding the relative efficacy of the two 
compounds and the specific circumstances under which Quinacrine is 
preferable to Quinine. The introduction of Quinacrine into the Phar- 
macopeia, however, is of special importance at the present time, in view 
of the serious shortage in the available supply of natural antimalarial 
agents. 

Amebicides. For the treatment of amebiasis, 3 preparations are 
described, Chiniofon, Emetine Hydrochloride and Carbarsone. While 
all 3 compounds are effective in the cure of amebiasis, thej'^ do not repre- 
sent duplications, because each possesses a special field of usefulness in 
the treatment of this disease. Amebiasis is essentially an infection of 
the large intestine with systemic invasion. The parasites are present in 
the feces, in the wall of the intestine, and within the tissues of the 
host such as the liver. Chiniofon, one of the iodohydroxyquinoline 
compounds, is a pale yellow, bitter powder, fairly soluble in water. 
It has a fairly high amebicidal activity. The Pharmacopeial dose is 
l_gm. (15 grains), which may be given 3 times daily by oral administra- 
tion. It is available in Pharmacopeial Tablets of Chiniofon, 0.25 gm. 
(4 grains) each. A similar dose may be given as a retention enema in 
which 1 gm. is dissolved in 200 cc. of water. These doses are repeated 
daily, usually for a course of about 10 days, and in some cases oral 
and rectal administration may be combined. The toxicity of this 
compound is relatively Ioav, since little of it is absorbed, although occa- 
sionally enough is absorbed to produce injury of the liver. It is, how- 
ever, irritant to the gastro-intestinal tract and occasionally causes diar- 
rhea. In view of the limited absorption, this compound is relied upon 
chiefly for the eradication of the parasites within the lumen of the 
intestine. Since in most cases of amebiasis the parasites are also 
present within the tissues, Chiniofon alone is responsible for a very low 
]>roportion of complete cures. 

In contrast to Chiniofon, Emetine Hydrochloride is used chieflv 

V 
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for the eradication of the protozoa present within the tissues of the host. 
This represents for the most part a parenteral form of treatment of 
amebiasis. The use of ipecac, from which Emetine is obtained, or 
Emetine Hself b3' oral administration, is unsatisfactory' because even 
subeffective doses are highly' emetic. Emetine Hydrochloride is a 
slightly j'ellowish soluble powder which is influenced by light and is 
therefore preserved in light-resistant containers. It belongs to the group 
of alkaloids. The Pharmacopeia pro\'ides the standards for the am- 
poule solution under the name of Emetine Hydrochloride Injection. 
The usually available ampoules contain from 20 mg. (5 grain) to fiO mg. 
(1 grain) in 1 cc. The injection is given deep into the muscle because 
of the irritation produced by subcutaneous injection which results in 
painful nodules. Emetine Hy'drochloride is the safest of the amebicidal 
agents in the treatment of amebic hepatitis and abscess of the liver, 
but when used alone it also will eradicate the disease in only a small 
proportion of cases, about 1 in 6, because it has little effect upon the 
amebse present in the lumen of the intestine. It is therefore of little 
value in carriers. It should be noted at this point that in a fairly large 
proportion of cases, amebiasis produces no sj'mptoms, and in only a 
relativelj' small proportion does it give rise to diarrhea. The toxicity 
of Emetine Hy'drochloride is high, bordering closel.v on the therapeutic 
doses, and in a large proportion of cases overlapping the therapeutic 
doses. Bloody diarrhea, cardiac changes and collapse are the out- 
standing effects. The use of Emetine is most suited for the treatment 
of amebiasis in the patient confined to bed. The average Pharmacopeia! 
dose is 60 mg. (1 grain) intramuscularly, which may be repeated daily 
in a course lasting aljout 10 days. When given in this way, absorption 
is in evidence fairly promptly (about 30 minutes), but elimination is 
quite slow, so that traces may still be found in the urine several weeks 
after the dose. For this reason it is unwise to repeat a course of treat- 
ment for at least 2 weeks. It is usually' necessary' to supplement this 
treatment with one of the compounds which is more effective upon the 
organisms present in the lumen of the intestine, such as Chiniofon or 
Carbarsone. 

Carbarsone is a neiv addition to the Pharmacopeia. It is a penUt- 
valent organic arsenical containing about 28% of arsenic. It is a 
white powder, almost tasteless, and insoluble in water. It provides a 
means for the oral treatment of amebiasis and attacks the organisms 
in all their locations, in the lumen of the intestine as well as in the 
tissues. It is therefore useful in carriers. It is absorl}ed through tlie 
gastro-intestinal tract and slowly' excreted. A course of treatment 
Avith this compound is also limited to about 10 days, with intervals of 
about 2 Aveeks betAA'een courses. The Pharmacopeial dose is 0.2 gm. 
(3 grains), AA-hich may' be taken in capsules 3 times daily. The free 
forms of the protozoa present in the lumen of the intestine are often 
more effectively eradicated by the rectal administration of the carbar- 
sone in the form of an enema, 2 gm. (30 grains) dissolved in 200 cc. of 
2 % sodium bicarbonate (the compound is soluble in alkalis) giA-cn cA-ery 
other day. This is essentially an ambulant form of treatment. The 
dangers from Carbarsone are the dangers of other arscnicals. namely, 
e.xfoliatiA'c dermatitis and hepatitis. As already slated, in cases of 
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liver disease from whatever cause, Emetine is preferable for the control 
of amebiasis. 

There are still other agents about whicli useful comment could be 
made for the aid of the practitioner. These include, for example, some 
of the approved sex hormones, synthetic vitamin K or menadione, etc. 
However, space is lacking for detailed comment on these substances. 
It is hoped that this review, together with the one published in May, 
may serve to rouse the practitioner’s interest in becoming better ac- 
qmiinted with the great value to him which lies between the covers of 
II.S.P. XII. 

Cary Eggleston, M.D. 

Harry Gold, M.D. 


RADIOLOGY 

UNDER THE CHARGE OF 

CHARLES G. SUTHERLAND, M.D. 

ASSISTANT PROFESSOR OF RADIOLOGY, MAYO FOUNDATION, 
ROCHESTER, MINN. 


THE PANCREAS— THE SMALL INTESTINE 

The Pancreas. The Roentgen study of disease of the pancreas is 
difficult because the organ cannot be visualized directly and because it 
is one of the few structures contained within the abdomen which has 
not yet been made demonstrable through the retention of some radi- 
opaque substance. Because of this, Rendich, Poppel and Cove® stated 
that it was necessary to resort to indirect methods. These indirect 
methods had their chief value in the detection of alterations in the 
contour of contiguous structures, notably the barium-filled duodenum 
or the distended stomach, resulting from pathologic changes which 
modified the volume or the form of the pancreas. 

They credited Dickson® with calling attention, in 1923, to pressure 
deformities of the barium-filled stomach and duodenum produced by 
rarcinoma of the pancreas. Butler and Ritvo,® they stated, reported 
in 1931 that they had found displacement with widening of the duodenal 
curve to be significant of pressure from a tumor of the liead of the pan- 
creas. Rigler® was quoted as having confirmed the opinion of Butler 
and Ritvo® in 1933 and to have added the note that in his experience 
the stomach was often displaced upward and forward in the presence of 
carcinoma of the body and the tail of the pancreas, while the transverse 
colon was displaced downward. 

Engel and Lysholm.'* they found, had described a method for roent- 
genologic observation of the pancreas in 1934. The stomach was in- 
flated with carbon dioxide and, following this inflation, roentgenograms 
were made with the patient in the lateral, prone and antero-posterior 
positions. Enlargement of the pancreas was indicated by an increase 
in the space which it normallj' occupied and was made evident by 
protrusion into the gas-filled stomacli from behind. These authors 
were interested in the findings of Hunt, Hickcn and Best® in exploration 
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of the biliary ducts with the aid of cholangiography during and after 
operation, published in 1937. The contrast substance was injected, 
usually through a tube. In the presence of carcinoma of the head of 
the pancreas, there was no filling of the lower segment of the common 
duct. The duct was cut off abruptl^’^ in the cholangiogram and often 
in a transverse direction rather than in a tapering or funnel-shaped 
pattern. The patent proximal portion of the common duct and the 
cystic duct were unusually widened. A reflux of radiopaque material 
into the pancreatic duct was observed in 5 of their cases, the duct being 
filled for a distance of 2 to 9 cm. Such reflux, they considered, depended 
on the anatomic relation of the common duct, the pancreatic duct, the 
ampulla of Vater, and the duodenum. It also depended on the terminal 
sphincteric mechanism. Giordano and Mann® were quoted as hawng 
found that reflux was impossible in about one-third of all subjects 
because the pancreatic and common ducts opened separately into the 
duodenum. 

Rendich, Poppel and Cove® called attention to the dependence of 
roentgenologic criteria on gross pressure changes. While these gross 
pressure changes might result from any enlargement of the head of the 
pancreas, from regional retroperitoneal Ijnnph node enlargement or 
from the occurrence of any retroperitoneal mass in the pancreatic area, 
they were of the opinion that experience in the correlation of roent- 
genologic evidence with characteristic clinical and laboratory findings 
in a series of cases warranted them in often parenthetically suggesting 
the more likely specific etiology. Briefly outlining the anatomic rela- 
tions of the pancreas to contiguous viscera and organs, they stated the 
signs which, in their opinion, indicated the presence of a mass in the 
region of the pancreas. Enlargement of the duodenal loop or widening 
of semicircular arc described by the duodenum might vary according 
to the habitus of the individual. It could be only an apparent enlarge- 
ment in the presence of the hypersthenic habitus, in wdiich the stomach 
is highly placed and almost horizontal in position; the duodenal loop 
in such individuals when fully e.xposed appears to be enlarged. En- 
largement alone is consequently less significant in the hypersthenic 
person but very significant in the sthenic or hj'posthenic subject. They 
considered it mandatory in the e.xamination of the hypersthenic t.vpe 
of individuals, -who as a group seemed to them to be much more fre- 
quentlj’- the subjects of biliary tract or pancreatic pathology, to demon- 
strate, in addition to the enlargement, some e\ddence of extrinsic prp- 
sure on the inner concave border of the descending duodenum. Extrin- 
sic pressure, in their e.xperience, by its ironing-out effect, changed the 
direction of the medial ends of the horizontal duodenal mucosal folds 
{rcih'ulse conuivcntcs) so that they became internally concentric with the 
duodenal lumen and were visualized in the roentgenogram as a border 
limiting the medial wall of the barium-filled descending duodenum. 
The density of the mucosal folds w'as directly proportional to the degree 
of extrinsic pressure from the space-occupying mass in the region of the 
head of the pancreas. They found this sign to be an early one, ths- 
cernible prior to the occurrence of any enlargement or displacement. 
In the presence of severe pressure, the pattern of the valvulm connivente.s 
might be greatly altered or even completely obliterated. 

Displacement of the duodenal loop toward the right and anteriorly 
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l)y space-occupying masses in the region of the head of the pancreas 
they found to be one of the later signs. The displacement, m their 
experience, might be general and uniform or it might be simply a 
localized indentation on the inner concave border of the duodenal loop. 
They found the stomach to be displaced upward and forward in the 
presence of a large mass. Enlargements in the region of the body and 
tail of the pancreas did not affect the duodenal loop but produced down- 
ward and anterior displacement of the transverse colon and proximal 
jejunum and occasional upward and forward displacement of the 
stomach. 

Fixation of the duodenal loop was noted by them, especially of the 
medial wall. This, they thought, might impair the normal expansion 
which was usually observed at the time of the passage of increased 
amounts of opaque medium. Diminished caliber of the lumen of the 
duodenum wms a feature in some cases, sometimes severe enough to 
result in duodenal obstruction. Alterations in peristalsis were found 
to be significant; these might be seen as diminishing or even absence of 
the peristaltic weaves. Antiperistalsis might even occur in some cases. 

Other characteristic findings were the presence of a palpable mass, 
the downw'ard and forward displacement of the mid-transverse colon 
and a filling defect on the outer wall of the descending duodenum with 
displacement of the duodenum medially. This latter finding, due to an 
enlargement of the gall bladder, in the presence of painless jaundice 
of increasing severity, they considered suggestive at least of carcinoma 
of the common duct or of the ampulla of Vater. 

The most common morbid processes occurring in the region of the 
head of the pancreas that were capable of producing identical roent- 
genologic signs were, in their experience, malignant new growths involv- 
ing the head of the pancreas, enlargement of retroperitoneal lymph 
nodes from (a) primary malignancies, (b) metastatic malignancies or (e) 
inflammatory lesions, such as infectious mononucleosis, pancreatitis, 
retroperitoneal turnons, cysts of the head of the pancreas, aneurysm of 
the anterior wall of tlie abdominal aorta, amyloidosis of the pancreas 
and upward traction of the duodenum in some cases of diaphragmatic 
herniation of the stomach. Pancreatitis might vary from simple 
edema secondary to involvement of the biliary tract by pathologic 
processes to chronic pancreatitis wdth or W'ithout biliary calculi. 

The pancreas might be the seat of diffuse parenclLVmal calcification, 
calculi of varying size and shape might be found in the duct system or a 
combination of both might be found. The relative frequency of occur- 
rence of each of the individual types was indicated by the fact that 
Beling, Baker and IMarquis* were only able to find previous reports of 
13 cases of disseminated calcification in their ^e^^ew of the literature 
on this subject. Calculi, they found, occurred more frequently in the 
head, less frequently in the body, and comparatively rarely in the tail 
of the pancreas. Symptoms, all indicative of more or less obstruction 
m the main ducts, varied widely and might even not present in the 
earlier stages of the disease. The average age of patients in w’hom 
pancreatic calcification occurred was 40 years, but because cases had 
been reported in which the onset occurred as early as 6 years of age, 
roentgenograms made of the abdomen of children' should' be carefully 
mspected in all doubtful cases. The condition, in their experience, 
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occurred predominantly in males. Calcification probably occurred 
secondary to repeated attacks of pancreatitis. S;\Tnptoms were usually 
referable to the gastro-intestinal tract and were severe enough to sug- 
gest Roentgen investigation. In a study of the roentgenograms made 
in 754 consecutive e.\aminations of the gastro-intestinal tract, they 
found but 1 case showing disseminated calcification and 7 others that 
suggested calculi in the pancreatic duct system. In the majority of the 
roentgenograms made in such examinations, the shadow of the opaque 
media in the stomach or in the colon might obscure the pancreatic area, 
or flakes of barium in the small intestines might make recognition 
and differentiation of pancreatic calculi difficult if not impossible. 
They found it expedient to have a plain roentgenogram made prior to 
the administration of any type of opaque medium; this should encom- 
pass not only the critical area but also the corresponding area to the 
left of the spinal column. I^Tien suggestive shadows were found to be 
present, further roentgenograms made with the patient in the lateral 
position were ordered. The indirect methods heretofor described were 
found helpful. Roentgenograms made in stereoscopic sets were helpful 
only in those cases where calcifications were found present and they 
were not considered essential unless other tests were inconclusive. 
These other tests included blood amylase and lipase determinations and 
analysis of the pancreatic secretions recovered through an indwelling 
duodenal tube, both •rn'th and without the use of secretin. 

The Small Intestine, The incidence of lesions of all types, blasto- 
matous and non-blastomatous, is very low in the small intestine, and 
the roentgenologic examination of the small intestine, compared to 
that of the divisions of the alimentary tract above and below it, is an 
arduous and time-consuming procedure. To many examiners it seemed 
possible to learn comparatively little about the roentgenologic mani- 
festations of the lesions affecting the lower part of the duodenum, the 
jejunum and the ileum. Weber and Kirklin'* noted a renewed intere.st 
in the application of roentgenologic methods to the diagnosis of le.sions 
of the small intestine in the last decade. 

There were certain clinical syndromes in the presence of which tlie 
diagnosis of “gastro-intestinal lesion” was imperative, even when all 
preoperative objective diagnostic tests failed to exhibit the patho- 
logic process responsible for them. Proved gastro-intestinal bleeding 
was an outstanding example of such an imperative clinical situation. 
.\fter the esophagus, stomach, duodenum and colon were eliminated 
as possible sites of the hemorrhagic lesion by the judicious use of roent- 
genologic and endoscopic tests, it was certainly justifiable to conclude 
that if a gastro-intestinal lesion existed at all, the small intestine was 
harboring it. Under most circumstances sufficient grounds for the 
institution of diagnostic laparotomy' might thus be established. 

It was better, of course, first to exhaust all other means of localizing 
the lesion, but these authors felt that a special roentgenologic examina- 
tion of the small intestine could be made to yield very satisfactory 
diagnostic results frequently enough, at least, to warrant its application 
whenever the condition of the patient permitted it. 

In a tabulation of lOS cases of malignant lesions of the small intestine, 
C. W. IMayo' showed the jejunum to be the segment of the small intes- 
tine most* frequently affected by malignant tumors, while the other 
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segments, the duodenum and ileum, were involved one about as fre- 
quently as the other. In an analysis of the benign lesions of the small 
intestine seen in the Mayo Clinic from 1907 to 1939, inclusive, Weber 
and Kirklin^^ found the duodenum to be the favored site for the benign 
lesion. Adenocarcinoma was by far the most frequently encountered 
histopathologic type of malignant tumor of the small intestine in i\'Iayo’s 
series, while most of the rest of the cases were leiomyosarcoma. A 
greater variety of histopathologic types of benign tumor were seen, but 
no one type played so dominant a role as adenocarcinoma did among 
the malignant tumors. The high incidence of tumors of the smooth 
muscle, both benign and malignant, was noteworthy. The distribution 
of the various histopathologic types of malignant and benign lesions in 
the several divisions of the small intestine was shown in 2 tables. 

A critical study of the cases in the Mayo series^ revealed that there 
were 36 cases of the lOS in which the diagnosis should have been made 
roentgenologically. In 4 of the 36 lesions taken for consideration, the 
lesion was overlooked completely. In the remaining 32 cases (89%), 
the presence and site, at least, of a pathologic process wms determined 
roentgenologically. Among these 32 cases there were 8 in which more or 
less serious misinterpretations detracted from the value of the roentgeno- 
logic diagnosis. All of these occurred in cases of carcinoma of the first 
portion of the duodenum. 

An analysis of the cases of tumor of the small intestine encountered 
at the Mayo Clinic during the years 1930 to 1939, inclusive, revealed 
62 cases, 50 of w^hich were of malignant tumor, and 12 of benign tumor. 
Twenty-six Avere not pertinent from the viewpoint of roentgenologic 
diagnosis; in 5 of them no roentgenologic examination of any part of 
the gastro-intestinal tract was made; in 17 no roentgenologic examina- 
tion of the small intestine was made, although roentgenologic examina- 
tion of the stomach or colon or of both was made ; in 4 a clinically impor- 
tant lesion \vas diagnosed correctly in the stomach, colon or duodenum. 
In 5 of the remaining 36 cases (14%), the lesion of the small intestine 
was overlooked at the roentgenologic examination. Three of these 
lesions proved on pathologic examination to be adenocarcinoma; 
1, lipoma; 1, submucous hemangioma, 6 mm. in diameter, discovered 
at pathologic examination of a resected specimen of ileocecal granuloma 
with persistent postoperative fecal fistula. In the remaining 31 of 
36 cases (86%), Weber and Kirklin^ considered the roentgenologic 
tiiagnoses as satisfactory. While a precise pathologic diagnosis was not 
made in each instance, the lesion Avas at least recognized and located 
where the tumor was later found at operation. 

Of 62 cases of tumors of the small intestine, 7 occurred in the first 
portion of the duodenum, 3 in the second portion of the duodenum, and 
7 in the third portion of the duodenum. The lesion was identified in 
94% and agreed with the diagnosis on microscopic examination in 
53 % of cases. There were 20 cases in which the tumor occurred in the 
jejunum. In 1 case no roentgenologic examination of any part of the 
gastro-intestinal tract was made; in 6, roentgenologic examination of 
only the stomach or colon or both was made. Of the remaining 
13 cases, the lesion was missed in 2 and in 11 a satisfactory roentgeno- 
logic diagnosis was ofiered. In their experience, the ileum seemed to 
he the most difficult region of the small intestine from the standpoint 
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of roentgenologic diagnosis. There were 21 cases in which the tumor 
proved to be in this segment of the small intestine. Four were benign 
and 17 were malignant tumors. Fifteen of these 21 cases were not 
considered to be pertinent to their analysis because in .3 of them no 
roentgenologic examination of anj-- part of the gastro-intestinal tract 
was made; in 8, roentgenologic examination of only the stomach or 
colon or both was carried out; and in 4, a clinically important lesion 
was correctly diagnosed roentgenologically in a part of the gastro- 
intestinal tract other than the small intestine. The lesion was over- 
looked in 2 of the remaining 6 cases; in 4 (67 %), the lesion was recog- 
nized at the roentgenologic examination. The ileum, especially in that 
part of it adoral to its lowermost 12 inches (30 cm.) they found, offered 
the greatest difficulty in diagnosis, chiefly because it was difficult to 
maintain a distended concentration of the contrast suspension there, 
and because these segments tended to seek such a low level in the pelvis 
that they were elevated from there often with greatest difficulty. 

Considering the roentgenologic manifestations of tumors of the small 
intestine, Weber and Kirklin'^ stated that the technique of roentgeno- 
logic examination cannot be standardized precisely, because occasion- 
ally it must be changed in certain respects to suit individual cases. 
Briefly stated, the upper segments of the small intestine, the duodenum, 
the jejunum, and the upper two-thirds or so of the ileum were observed 
roentgenologically by folloudng the progress of a simple mixture of 
equal parts of barium sulfate and water through these segments. In 
their experience, the lowermost third of the ileum was usually studied 
to best advantage by filling it with contrast suspension in retrograde 
direction through the ileocecal orifice, roentgenoscopic and roentgeno- 
graphic examinations being made after the bulk of the contrast material 
had been expelled from the colon. They were of the opinion that the 
roentgenoscopic examination was the cardinal roentgenologic maneuver, 
whether the contrast material was administered orally or rectally, and 
that no number of interval roentgenograms made without reference to 
a competent roentgenoscopic e.xamination could supplant it satis- 
factorily. 

Like the colon, they stated, the small intestine was a tubular organ. 
These divisions of the alimentary tract resembled each other in every 
important morphologic and physiologic respect. The pathologic proc- 
esses which occurred in them were similar, and both divisions were 
deformed by such processes in similar ways. Hence, they were con- 
vinced, it was possible to applj"^ the same roentgenologic criteria of 
diagnosis to the small intestine as had been found reliable in the diag- 
nosis of the normal and abnormal large intestine. 

Pathologic processes deformed the tubular segment and it was chiefly 
by the roentgenologic demonstration of such deformities that the pres- 
ence of disease was determined. One type of pathologic process was 
distinguished from others by analysis of the morphologic features of the 
deformity produced and by interpretation of them in terms of patho- 
logic anatomy. The term “deformity” included the concept of that 
familiar term in roentgenologic literature, the “filling defect,” which 
mav be defined as a subtraction from the normal luminal outline, and 
the* concept antithetic to this, namely, an addition to the normal lumi- 
nal outline, of whicli the diverticulum and the penetrating uleer were 
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most familiar examples. Tumors, both benign and malignant, deformed 
all segments of the alimentary tract, especially the simple tubular ones, 
like the esophagus, small intestine and colon, in a way peculiar to them- 
selves. The deformity produced by a tumor might be marginal or 
encircling, in whole or in part, such as the one produced by an annular 
carcinoma, or it might be internal or central, such as is produced by the 
lesions kno^\^l as polyps or polypoid lesions. In any case, the "filling 
defect" produced by tumors not complicated by perforation was rela- 
tively short and was sharply demarcated aborally and adorally, and 
the mucosal pattern throughout the extent of the defect was obliterated. 

Tumors, in their experience, arising in the submucous structures 
frequently did not actually invade and destroy the mucous membrane 
over them, but when they became large enough to be recognized 
roentgenologically, they obliterated the mucosal pattern over them if 
in no other way than by stretching the mucous membrane to the point 
of obliterating its folds, the basis for the mucosal pattern. They found 
that tumors of the colon and small intestine often produced obstruction 
of such a degree that the morphologic features of the lesion were not 
manifested roentgenologically. In such instances it might be impos- 
sible to render a more specific roentgenologic diagnosis than that of 
obstructing lesion. A similar situation developed in cases of intus- 
susception whether it was entero-enteral, enterocolic or colocolic. In 
adults primary intussusception was so rarely encountered that for 
practical purposes it could be said that the condition was not seen 
except with tumor as its cause. 

Attention was called to the fact that tumors and other lesions of 
organs contiguous to or very near the small intestine might extend to it 
and involve it segmentally, producing a roentgenologic picture similar 
in many respects to that produced by primary intestinal tumors. 
Lesions, especially cysts and tumors, of the pancreas were particularly 
prone to do this. The roentgenologic evidence of the essentially extra- 
enteral nature of this process was usually demonstrable at the roent- 
genoscopic examination. Such extrinsic lesions were usually large and 
thus careful palpation under roentgenoscopic control would almost 
always yield the key to the correct diagnosis. 

These were the cardinal signs from which the roentgenologic examiner 
derived the concept of tumor, using that term in its narrower sense to 
signify blastoma, as distinguished from inflammatory tumors or granu- 
lomatous processes. These signs, they stressed, must be understood to 
be but gross morphologic evidences. It was impossible, as a rule, to 
deri\'e from them reliable concepts regarding the histopathologic nature 
of the tumor, such as its malignancy or non-malignancy, and the histo- 
logic type of tissue of which it was composed. 

Their e.xpressed opinion was that the rule ma\- be stated that there 
arc no reliable roentgenologic evidences of benignancy once the evi- 
dence for tumor was produced. Certain lesions might manifest all the 
so-called classical gross morphologic evidences of benign tumors. Such 
lesions might, on microscopic examination, prove to be true malignant 
lesions. They felt that this held particularly true for such tumors 
when they were found in the gastro-intestinal tract. The roentgeno- 
logic examiner, then, since he was dealing with gross morphologic 
characters of lesions, rarely if ever could elicit diagnostic data on which 
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he could guarantee the benignancy of a tumar he had discovered. He 
might say that the lesion he had found “looked” like a benign lesion 
to him. His opinion might later be proved correct in most instances, 
but his medical and surgical consultants had best not consider his diag- 
nostic guess too seriously, but prefer to consider the morphologic 
features he described and treat the lesion as a malignant one until com- 
petent histologic study proved its true nature. 

Lesions that were not tumors deformed the tubular segments of tlie 
intestinal tract in a different way. As a group, they tended to e.xtenfl 
over longer segments, producing longer deformities. Demarcation be- 
tween involved and uninvolved segments, in their e.vperience, was 
gradual, not abrupt. Depending on the pathologic nature and the 
severity of the disease producing the deformity, the mucous membrane 
might or might not be destroyed, and the mucosal pattern was corre- 
spondingly altered. Even when the mucosal pattern was obliterated 
completely by ulceration, however, the mucosal relief had a different 
roentgenologic appearance than that of the relief pattern of tumors. 
The experienced roentgenologic examiner, they asserted, recognizes a 
typical mucosal relief pattern associated with tumors, and especially 
Avith malignant tumors. He makes use of his familiarit3' ivith this pat- 
tern in instances in which a malignant tumor has perforated. In this 
event the lesion takes many of the morphologic characteristics of the 
inflammatory, tumefactive processes, and it is only by eliciting ivhat 
may be called the typical mucosal relief pattern of malignant tumor 
that the roentgenologic examiner can arrive at a diagnosis of the true 
nature of such lesions. 

These authors felt that roentgenologic examination had a \'ery real 
contribution to make to the diagnosis of lesions of the small intestine. 
They acknowledged that roentgenologic examination of this division of 
the alimentary tract had not approached the efficiency of the roent- 
genologic method applied to the divisions above and belmv it. Such 
efficiency, they thought, perhaps Avas too much to hope for. They Avere 
of the opinion that Avith accumulating e.xperience improA^ement Avould 
come and, AA’ith greater interest in this e.xamination on the part of their 
clinical and surgical consultants and greater reliance on it, that more 
lesions Avould be discovered. It aa'us their hope that accumulating 
clinical experience aa’ouIcI eA'entually lead to a better selection of cases 
for roentgenologic examination and that through this many a patient 
AA’ould gain the adA'antage of earlier treatment than at present for the.sc 
otherAvise, for the most part, hopeless conditions. 

That carcinoma of the duodenum A\'as a rare condition and therefore 
of unusual interest to the clinician and the roentgenologist, Avas the con- 
clusion of Ritvo and HeAvcs*” after the study of the records of all patients 
admitted to the PondA’ille Hospital. This institution, under the 
auspices of the 'Massachusetts Department of Public Health, is limited 
to the diagnosis and treatment of groAA-ths of a malignant nature and 
has been functioning for 12 years. Among 10,000 patients admitted 
and on Avhom 1055 autopsies Avere made, only 3 proA-ed cases of car- 
cinoma of the duodenum Avere found. This incidence rate of 0.02% 
A\-as in agreement AA’ith those reported from the study of other series; 
these varied from 0.03 to 0.00%. 

They found carcinoma of the duodenum to be essentially a disease 
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of tlie later decades of life. In their series, the youngest patient was 
03 years of age and the oldest 80 years, the average being 70 years. 
In the cases which they found in reviewing the literature, the ages 
varied from 37 to 80 years (general average, 48.3 years). This was in 
striking contrast to carcinoma of the stomach and colon, in which the 
lesions occurred in patients as young as 13 years of age. Males Avere 
affected in the ratio of about 2 to 1. 

No constant predisposing factor for carcinoma of the duodenum Avas 
determined. There AA'as no apparent relation to peptic ulcer or any other 
lesion in the gastro-intestinal tract. Nor Avere there any demonstrable 
nutritional, occupational, or hereditary factors. None of the patients 
in their series presented long-standing stomach or boAvel complaints. 
Symptoms Avere usually of a fcAV months’ duration; on only 1 instance 
did the history extend over a period as long as 2 j^ears. 

Their study revealed that carcinoma may occur in any portion of 
the duodenum. The second portion Avas frequently inAmlved (62%) 
and the fost portion Avas the next most frequently involved (25%). 
Neoplasms AA^ere found in the third portion in 13 % of cases. Adeno- 
carcinoma arising from the mucosa constituted 90% of the cases. 
Scirrhous or colloid groAvths Avere the rule. Sarcomatous lesions Avere 
found in only 2 to 5% of instances. The gross findings Avere most 
frequently those of an annular, constricting neoplasm Avhich in some 
instances completely encircled the lumen. This type Avas particularly 
prone to occur in the first and second portions. In the third portion 
of the duodenum, the groAvth Avas more apt to be large and fungating. 
The sarcomas Avere usually softer and non-constricting. Stenosis, they 
found, occurred relatively early and frequently in the lesions invoKdng 
the duodenal cap. In the neoplasms occuiTing in the third portion, 
obstruction Avas a late and common development. Involvement of the 
ampulla of Vater Avas not common. Practically all of the lesions 
involving the second portion of the duodenum, hoAA'ever, eA’-entually 
caused obstruction of the bile ducts AAuth resultant jaundice. It Avas at 
times impossible to state Avith certainty Avhether the groAvth originated 
in the duodenum or in the ampulla itself. One case Avas reported as 
luiAung occurred primarily in a diverticulum. This Avas explained by 
the fact that the mucosa lining the di\'erticulum Avas usually the same 
as that in the duodenum itself. 

The clinical symptomatology of carcinoma of the duodenum they 
found to be indefinite, variable, and usually not pathognomonic. As a 
rule, tlie onset Avas gradual and insidious. Pain might only be slight 
or it might be absent. When present, it Avas located in the epigastrium 
or right upper quadrant, and aa'us usually dull in character, although 
rarely it might be sharp and colicky. Weight loss Avas marked and 
rapid. Vomiting Avas a feature when the lesion caused stenosis and 
blood and bile, along AA'ith undigested food particles, Avere frequenth- 
present. Anemia Avas usually seAxre. Jaundice occurred in about 20 % 
of cases and rarely might be intermittent in character. Biliary colic 
might be present in the later stages of the disease. 

The symptoms Avere, as a rule, of short duration, the length of time 
during Avhich complaints Avere present UA'eraged about 4 months. If 
the duodenum became completely blocked, the usual manifestations of 
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obstruction were predominant. Involvement of the ampulla of Vater 
produced the typical changes associated with jaundice. 

In their experience, the physical findings were usually negative in 
the early stages. As growth progressed, the anemia and wasting charac- 
teristic of advancing carcinoma became more evident. A mass in the 
mid-epigastric region was palpable in about 50 % of cases. Frequently 
there was enlargement of the liver and the gall bladder was palpably 
enlarged. 

Laboratory findings were variable in their cases and often were of 
little or no aid in arriving at the diagnosis. Increased hydrochloric acid 
in the gastric contents was present, as a rule. Blood and bile were 
frequently found in the vomitus and the finding of blood with absence 
of bile on duodenal drainage was of special significance and indicated 
to them the possibility of a neoplasm involving the duodenum. Changed 
blood in the stools or tarry stools occurred, but this finding was not 
particularly helpful because it was common to so many conditions. 

The roentgenologic findings in their cases were in agreement with 
those already presented. 

The differential diagnosis of carcinoma of the duodenum, they 
asserted, presented especial difficulties because strikingly similar features 
characterized many other conditions. Carcinoma of the bile ducts or 
ampulla of Vater with invasion of the duodenum, for example, might 
be impossible to distinguish from duodenal carcinoma. Carcinoma of 
the head and body of the pancreas presented roentgenologic characters 
by which it could be differentiated and obstruction did not result, as a 
rule, from lesions involving the pancreas. 

Lymphoblastoma and lymphosarcoma exhibited definite patterns 
in roentgenologic examination with simultaneous lesions of the lymphoid 
structures in various parts of the body and enlargement of the spleen. 
The rate of growth, as demonstrated by periodic reexamination, was 
much more rapid than it was in carcinoma. The response to adequate 
Roentgen therapy was prompt and striking in the lymphoid type of 
lesions, and this was often of great value in the making of the diagnosis. 

Carcinoma involving the stomach, particularly in the region of the 
pylorus, could usually be differentiated by roentgenologic examination 
and was also characterized by the absence of free hydrochloric acid m 
the stomach. 

In acute or chronic pancreatitis, there was no change in the acidity of 
the gastric contents, blood in the vomitus or stools was absent, and the 
pain which was the outstanding feature of pancreatitis was acute and 
severe. 

Impaction of a gall stone in the duodenum, while of rare occurrence, 
might he difficult to differentiate from carcinoma of the duodenum. 
If the stone did not cause complete obstruction, the smooth, round 
borders would suggest a polyp rather than a malignant neoplasm. V 
complete blocking of the lumen of the intestine by a calculus, the sluirp, 
rounded superior margins of the stone felt on palpation should suggest 
the proper diagnosis. Roentgenographic e.vamination of the abdomen 
prior to administration of a contrast medium might reveal the calculus 
under favorable circumstances. 

Adhesions about the duodenum, either postoperative or as a sequel 
to pericholecystitis, diverticulum of the duodenum, and deforinitj 
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following extensive scarring from the healing of duodenal ulcers might 
in their symptomatology closely simulate carcinoma of the duodenum. 
Roentgenologic examination and reexamination were most helpful in 
the making of the differential diagnosis and some clinical features were 
stated that had been found of value. 

Duodenal obstruction, they pointed out, might also result from 
external pressure. Among the chief causes of this they listed : enlarge- 
ment of the gall bladder, tumors of the omentum, pancreas or liver; 
enlarged retroperitoneal nodes and other tumefactions in this region; 
aneurj^sms of the celiac axis at the hepatic artery; and pressure from tlie 
superior mesenteric vessels. If the stenosis was partial or intermittent, 
differentiation might be possible. With complete obstruction, hmvevcr, 
the cause of the stenosis could only rarely be determined. 

In the treatment of carcinoma of the duodenum, Ilitvo and Hewes'" 
found medical therapeutic measures of value as a supportive measure. 
In the presence of dehydration the administration of fluids orally or by 
injection methods was indicated. Anemia and lack of adequate vita- 
min content had to be prevented when possible and sufficiently treated 
when they presented.' Transfusions were administered when necessary. 
Explorative laparotomy was indicated if the roentgenologic ev'idence 
jiointed strongly to duodenal neoplasm, as the only hope of relief rested 
on prompt operative intervention. Surgical relief might be impossible 
even in the first stages of the disease because of the location of the 
primary growth, but if intervention was delayed until the diagnosis was 
established with certainty, it would doubtless be too late to effect a cure. 
Palliative surgery, such as resection or short-circuiting for the relief of 
obstruction, should be resorted to whenever necessary as it might serve 
to diminish suffering and possiblj'' to save life. 

Roentgen and radium therapy, in their experience, offered little of 
real value because of the location of the growtli. These measures did, 
however, offer something as palliative procedures and in the differential 
diagnosis of lymphosarcomas wdiich, as before mentioned, responded 
promptly and remarkably to radiotherapy. 

The prognosis in carcinoma of the duodenum, they averred, was poor. 
Die average duration of life was 6 to 8 months. The longest period of 
survival, in their knowledge, was about 2 years. Surgical intervention, 
while of importance for palliation, did not in the cases reported appear 
to luive any great ^mlue in the prolongation of the life of any of these 
patients. 

Charles G. Sutherland, M.D. 
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Editorial Note to Medical Authors: We wish to call the special attention of 
author-contributors and readers of this Journal to two of the most frequent errors 
that appear in our manuscripts. 

The first — the misuse of “milligrams per cent’’ — is well covered on Page 53 of 
the American Medical Association’s book entitled “Medical Writing”: “Results 
of chemical determinations are frequently expressed as 'milligrams per cent' or 
‘grams per cent.’ This means literaDy ‘milligrams (or grams) per hundred milli- 
grams (or grams),’ which in most instances is not the information that the author 
wishes to convey. To insure accuracy a writer should specify the unit used, such as 
‘milligrams per hundred cubic centimeters’ or ‘milligrams per 100 gm.’ If a num- 
ber of values are (sic) given close together in a section or in a short paper, it usually 
is sufficient to supply ‘per hundred cubic centimeters’ the first time the phrase 
appears and to use merely ‘milligrams’ (not ‘milligrams per cent’) thereafter.” H e 
have become so wearj' of correcting this fault — and yet probably have overlooked il 
in many cases — that we are taking this means of trj-ing to reduce it for the future. 
We hope that other journals, and especially the Journal of the American Medical 
•Association writh its large circulation, will also emphasize the point. 

We should like to regard the word “consider” as indicating that the item is still 
under consideration or being meditated upon, t.e., that no conclusion has been reached. 
This isiusually the first meaning given by dictionaries for this word. We believe 
that, some dictionaries to the contrarj' notwithstanding, it is improper to use the 
word where a decision has been reached; in which case some such word as “think to 
be,” or “regard as” or “believe to be” or “hold as an opinion” gives the more exact 
meaning. 

The Editor. 




OF THE MEDICAL SCIENCES 

DECEMBER, 1942 


ORIGINAL ARTICLES 

NON-SPECmCITY OF GLOMERULAR LESIONS OF THE KIDNEY 

By Henry A. Christian, M.D.* 

BKOOKLINE, MASS. 

Thirty years ago, busied in a study of experimental nephritis 
in association with Drs. James P, OTIare, Richard M. Smith and 
Chandler Walker, I noted that, whereas the most frequent and most 
marked renal lesion caused by uranium nitrate in the rabbit was a 
degenerative one of the epithelium that lined the proximal con- 
voluted tubules, tliere also occurred lesions in the glomeruli. These 
lesions in the glomeruli were various; they were discussed in several 
papers published about that tirae.’-"-^ 

Recently, in a study of the renal lesions of subacute Strcpiococcus 
viridans endocarditis, I have described a variety of lesions in the 
glomeruli. Many of these are identical with many of those obser^'ed 
by me and my associates 30 j-ears ago in uranium nitrate nephritis 
in the rabbit and with those described subsequently by others. 

In uranium nitrate poisoning and in subacute 8trcptocoeetis 
viridans endocarditis we have effective on the glomeruli a fairly 
simple inorganic chemical in the former and in the latter a product, 
probably a complex organic substance, derived from the growth 
in the human body of a living bacterium. Each can be regarded as an 
injurious agent acting directly or indirectly on a complex, living 
structure, c. g., in these examples, the glomerulus of the kidney. 
They probably are typical of the causatii'e factors of glomerular 
lesions in many diseased conditions in the kidney. 

* Horsey Professor of Thoorj' and Practice of Physic, Emeritus, Har\'ard Univer- 
Ppfer Bent Brigham Hospital, Emeritus, Boston, Mass.; 
I isiting Plij-sician, Beth Israel Hospital, Boston, Mass. 


VOL. 204, NO. 0, — DECEMBEn, 1942 



782 CHRISTIAN: GLOMERULAR LESIONS OF THE KIDNEY 

If we define inflammation broadly as the reaction of living tissue 
to the presence of an injurious agent, a definition of inflammation 
not infrequently given by pathologists, then the majority of the 
lesions, which have been observed in the glomerulus of the kidney, 
can be considered to be inflammatory lesions developing in a struc- 
ture of much complexity. Following injury there are degenerative 
changes. In turn these initiate proliferative changes. In sequence 
to proliferation further degenerative changes often occur. Finally 
reparative processes may appear. 



Fig. 1. — Glomerulus from a case of glomerulonephritis, Path. No. A 27.S, 

shoa-ing proliferation of cells, mainly intracapillarj' endothelial cells. 


Early in such a process in the glomerulus, evidences of injury may 
be seen. Unless the injury is very severe, however, glomerular struc- 
tures react quickly to injury by diffuse or focal cellular proliferation 
of the endothelial and epithelial cells of the capillaries or of Bowman’s 
capsule of the glomerulus. Sometimes capillary endothelium, some- 
times capsular epithelium shows the greatest amount of prolifera- 
tion. Of the latter, that lining cither the parietal or the viscera 
layer may show the greatest amount of proliferation. Proliferated 
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cells later may undergo degeneration or intercellular fibrils may 
appear, the latter more generally being considered to have been 



Rio. Glomerulus from rabbit after uranium nitrate intoxication, sbovnng similar 
proliferation of cells as in Figure 1, from Christian and O’Hare.^ 


fornicd by invading connective tissue cells. Thrombi may form 
"•itiun the capillary loops and subsequently organize. The base- 
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ruent membrane of capillaries and of Bowman’s capsule may undergo 
hyaline transformation or thicken. In this way a large variety of 
glomerular lesions can and do result, the varietj- depending on 
variation in degeneration and proliferation acting in a very complex 
structure, these changes primarily having resulted from injury to 
the glomerulus. What happens depends more on the degree than 
on the kind of the injury inflicted on the glomerulus. 



Fig. 3. — Glomerulus from a case of subacute Streptococcus viridans endocarditis# 
Med. No. 44,GG1, showing similar proliferation of cells ns in Figure 1. 

If what has just been stated is true, and I believe it is, we should 
find identical appearances in the glomeruli resulting from diflerent 
injurious actions affecting the kidney. In other wonls, a high 
degree of non-specificity of glomerular lesions should be demon- 
strable. This has been recognized by many pathologists, although 
still there is a marked tendency to describe a given type of glomendar 
lesion as an index of a particular pathological process or disease and 
in that sense diagnostic. Apparently this idea is more prevalent 
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among clinicians than among pathologists. For this reason it 
seems worth while to emphasize the non-specificity of glomerular 
lesions. 

Diffuse cellular proliferation in the glomerulus occurs in patients 
with acute or subacute glomerulonephritis (Bright’s disease) with 
such frequency that we call a tj’^pe of glomerulonephritis intracapil- 


Fio. 4. — Glomerulus from a case of eclampsia, showing similar proliferation of cells 
as in Figure 1, from Dexter and Weiss.' 



lary proliferative glomerulonephritis (Fig. 1). However, that same 
lesion is encountered, usually with much less frequence, in the 
kidneys of rabbits poisoned with uranium nephritis (Fig. 2). In 
man, in subacute Sircpiococciis viridans endocarditis, this is the 
glomerular lesion seen most frequently (Fig. 3). It is described in 
eclampsia (Fig. 4). In acute and subacute pyelonephritis^® it is 
frequent in certain stages of the progression of the process (Fig. 5). 
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Focal glomerular lesions consisting of epithelial cells proliferated 
from the parietal layer of Bowman’s capsule, spoken of as epithelial 
crescents, ar * seen often in ihe kidneys of acute and subacute 
glomerulonephritis (Bright’s disease) (Fig. 6), giving rise to the 
term proliferative capsular epithelial glomerulonephritis. Identical 
focal epithelial proliferation I have obser^^ed also in subacute 
Streptococcus viridans endocarditis (Fig. 7), in acute and subacute 
pyelonephritis and in uranium poisoning (Fig. 8). This form of 



showing similar proliferation of cells as in Figure 1. 


proliferative process may be focal, or it maj' e.xtend so as to surround 
the capillary tuft more or less completely and result in a thickened 
capsule (Figs. 9 and 10). Cell degeneration and connective tissue 
proliferation may ensue, some of the lesions becoming fibrous, 
sometimes with much thickening of the fibrous part of the parietal 
layer of Bowman’s capsule (Figs. 10 and 11). 

Instead of, or in addition to the lesions already described, thrombi 
may be found in the capillaries of the glomerular tuft and undergo 
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varying changes. Extensively obstructing capillaries, they can 
cause degeneration and disorganization of glomeruli. This type of 
lesion has been associated particularly with subacute bacterial 
endocarditis (Figs. 11 and 13) and regarded by many as embolic 
lesions. In my own studies of this disease, this type of lesion was 



Fig. C.— Glomerulus from a case of glomerulonephritis, Path. No. 25-127, 

showing focal cell proliferation, epithelial crescent. 


not found to be particularly frequent, actually less frequent than 
other forms of glomerular lesion. As far as I could judge, the lesion 
usually was formed locally, although small embolic masses of bac- 
teria may have lodged in tlie capillary to inaugurate the injury of the 
capillary wall which in turn caused the thrombus to form, and so 
they are thrombotic in the main rather than embolic lesions. This 
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view is supported by the frequent presence of identical lesions in the 
glomerular capillaries of experimental uranium nephritis (Fig. 12), 
particularly when the uranium has been injected into a peripheral 
or renal vein. Such glomerular thrombi have been noted also in 




Fig. V. — Glomerulus from a case of subacute Streptococcus riridans endocarditis 
P.B.B.H., Med. No. 20,400, showing similar focal cell proliferation as in Figure 0. 

eclampsia (Fig.I4) and in acute and subacute nephritis and pyelitis. 
Ail of this indicate-s the non-specificity of glomerular lesions. 

An intracapillary fibrous glomerular lesion has been describcfl 
in a clinical syndrome of hA'pertension, diabetes mellitus and renal 
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insufficiency.®-® Horn and Smetana^ pointed out that this is not lim- 
ited to this syndrome (Fig. 15). I have deseribed lesions like this in 
subacute Streptococcus viridans endocarditis (Fig. 16) and seen them 
in subacute glomerulonephritis (Bright’s disease) and pyelonephritis. 



Fic!. S. — Glomerulus from rabbit after uranium nitrate intoxication, sbowinR similar 
focal coll proliferation as in Fifnire 6, from Christian and O’Haro.’ 


Hyaline thiekening of the basement membrane of the capillary 
vail has been observed in acute glomerulonephritis, in eclampsia 
and in subacute bacterial endocarditis, sometimes with duplication 
(Figs. 17 and IS). 

As might be expected, when glomerular lesions become chronic, 
they show similar appearances, whatever the underlying condition 
may have been; glomeruli show various stages of atrophy and fibrosis 
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with their final disappearance. This explains why clinically an almost 
identical congerie of symptoms and signs are found irrespective of 



Fig. 9. — Glomerulus from a case of pyelonephritis, showing fibrous thickening of 
Bowman’s capsule, from Weiss and Parker.’” 


whether the early stages of the process has been acute, then subacute 
glomerulonephritis or pyelonephritis or a progressive artcriolo- 
nephrosclerosis. 
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Other examples of non-specificity of glomerular lesions probably 
exist. However, those that I have cited, are sufficient to pro^•e my 
thesis of their non-specificity. 



Fl«. 10.— Gloniorulus from .n rase of subnruto Strr}'4ococcu/! nru/nn.s rndorarUiti?, 
Mod. No. 44.767. showinfr fibrous thiekoniiig of BouTnan’.® capnilo n« in 

Figure 9. 
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Some 10 years ago I pointed out, under the title, “A Glomerular 
Dominance in Bright’s Disease”,® how completely the clinical picture 
resulted from the changes which were going on in the glomeruli. 



Fio. 11. — Glomerulus from a case of subacute Streptococcus tiridans endocarditis, 
P.B.B.H., Mod. No. 49,045, showine fibrinoid thrombi in capillaries. 


If signs and symptoms of renal disease depend so largely on lesions 
in the glomeruli, and if glomerular lesions are not liighly specific, 
then it is not unexpected to find that many signs and symptoms arc 








Fit!. 15. — Glomenitu." from n cas-o of Kciifralizctl nrloriol.ar “'•lero?iH witliout a'^«o- 
riated diabetes or renal disea.H'. .sliowinc interrapillarj- Klomenilo'olerosis, from 
Horn and Smetana." 

(7&4) 




Fig. 16. — Glomerulus from a case of subacute Streptococcus viridans endocarditis, 
Med. No. 49,045, showing lesion similar to one in Figure 15. 



Fig. 17. — Porliou of glomerulus from case of eclampsia, showing hyaline thicken- 
ing and duplication of basement membrane of glomerular capillary, from Dexter 
and IVeiss.® ( 795 ) 
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repeated in various conditions with acute, subacute and chronic 
renal lesions; this is just what we observe in the clinical study of our 
patients. 



Fio. IS. — Portion of cloiticrulus from a case of subacute Streptococcus rirulans 
endocarditis. P.B.B.H.. Med. No. 55,380, sliowinc hyaline thickening and duplica- 
tion of ba.sement membrane of (tlomenilnr capillary ns in Finure 17. 


Summary. Tiiis paper has cmpliasized tlie non-specificity of 
lesions observed in the glomerulus of the kidney and offers this non- 
specificity its an c.xplanation of many similarities in the signs anti 
symjitoms of renal disea.se.s. 
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Recent advances in the knowledge of the humoral mechanism 
of hypertension have suggested a new avenue for tlie treatment of 
arterial hypertension. Following Goldblatt’s observations on the 
relation of renal ischemia to hypertension, animals which had this 
type of hypertension were treated with renal extracts, and a decrease 
in arterial pressure was observed. Arterial hypertension in man 
also has been treated with kidney extracts and favorable results 
have been reported.^ The question immediately arises whether 
the renal extract specifically inactivates the renin-hypertensin sys- 
tem which has been postulated to be the mechanism by which 
renal ischemia produces hypertension, or whether the fall in arterial 
pressure is the result of a generalized toxic effect of a crude tissue 
extract on the cells of the body. In an attempt to answer this ques- 
tion, kidney extracts were prepared and injected parenterally into 
patients with arterial hypertension. 

Method. Preparation of the Re7ial Extract. Tliougli the kidney extract 
administered was probablj’' identical with that prepared with the aid of 
heat by Page and his co-workere,’ to aA'oid confusion a short description is 
given of our method of preparing the extract used. 

Fresh hog lddnej’’s were ground in an electric meat chojjper, first through 
a coarse and then through a fine sieve. Ten kilograms of the fine material 
were added to a solution of 300 ml. of glacial acetic acid and 300 gm. of 
sodium chloride in 15 1. of water. The vessel containing this material was 
then immersed in a water bath maintained at about 65° C., and the mi.x- 
ture stirred mechanically. It reached a temperature of 56° C. after 20 to 
30 minutes and was kept at this temperature for 15 minutes. It was then 
filtered by gi’avity and yielded between 16 and 17 1. of a clear yellow filtrate 
in 2 to 4 hours. To each liter of filtrate 740 gm. of ammonium sulphate were 
added while stirring. The material was then left overnight at room tem- 
perature. The precipitate was collected on Buechner funnels and dissolved 
in cold water. The volume Avas then brought to 9000 ml. Avith cold Avater. 
Tlie ammonium sulphate concentration Avas determined by nesslerization, 
and enough solid ammonium sulphate (420-470 gni. per 1.) Avas added to 
obtain a solution 75 to SO^ saturated AA-ith ammonium .sulphate. This 
mixture A\-as again kejit OA'ernight at room temperature. The precipitate 
Avas remoA'cd by suction through a layer of Hyflo Filter Aid and re- 
dissolved in cold Avatcr. The volume Avas brouglit to 6000 ml. Avith cold 
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water. Tlie Hyflo Filter Aid was removed Iw suction tlirough Whatman 
No. 50 filter paper, and the ammonium sulphate concentration of the 
clear filtrate was determined by nesslerization. Again, enough solid 
ammonium sulphate was added to produce a solution 80% saturated. 
After standing overnight at room temperature the precipitate was col- 
lected on Buechner funnels over a la}'er of Hj'llo Filter Aid and taken 
up in 60 to 100 ml. of cold water. The resulting thin paste was 
placed in a cellophane bag and dial 3 'zed against distilled water at 1 ° C. 
In order to remove all ammonium sulphate the dialj’sis had to be continued 
for about 5 daj's, during which time the distilled water was renewed daily 
and the contents of the dialj'zing bag mixed thoroughl}' once ever}^ da)'. 
The extract was then freed from the Hyflo Filter Aid by suction, and the 
filtrate was concentrated in vacuo at temperatures below 50° C. to a volume 
of 100 to 130 ml. The concentrate obtained was filtered first through a 
coarse and then through a fine P)Tex sintered glass filter. Sodium chloride 
was added (0.85 per 100 ml.) and filtration through a Seitz filter was. 
carried out. Sterility was controlled by aerobic and anaerobic cultures of 
each batch after the filtrate had been transferred to rubber stoppered 
vaccine bottles. 


Properties of the Extract. One ml. of the final product was ob- 
tained from 75 to 100 gm. of hog kidneys. The extract contained 
2.5 to 4.S gm. of nitrogen per 100 ml. Only 16 to 28% of this 
nitrogen was present in the form of proteins (pseudoglobulins), 
while the rest existed in the form of proteoses, soluble in trichlor- 
acetic acid, but precipitated by ammonium sulphate and by picric 
acid. All c.xtracts contained renin, the concentration being between 
180 and 250 rabbit units per ml., as determined by the method of 
Schales and Haynes.® The extracts had diastatic activity; 100 ml. 
produced an amount of reducing material equivalent to 0.4 to 1 .1 gm. 
of glucose from an o.xccss of starch in 30 minutes at 37° C. and 
pi I 6.8. The hypertensinasc content of the extract was estimated by 
incubation with angiotonin (hypertensin) solutions at pH 7.4 for 
2 hours. Tile destruction of angiotonin was determined by com- 
paring the cfl'ect of such a mixture (after removal of proteins) on 
the arterial blood pressure of an anesthetized cat with that of a 
blank in which water instead of extract had been incubated with 
angiotonin. 'J'he h\'pcrtcnsina.se acti\ it)' of the extracts was .such 
that 1 ml. inactivated in nVro the amount of angiotonin produced by 
incubating frf)m 1 to 3 1. of beef serum with an e.xcess of renin mifler 


optimal conditions. 

In several extracts a major portion of the hypertensinase was 
de,stroyefl by incubating for 9 hours at 37° and pH 3.7. While 
this treatment should, according to Fasciolo anrl his co-workers, - 
inactivate all h) pertensinase i)re.'ent, e.xperinients in our laboratory 
showed that only about 90% of the hypertensinasc hafl been 
destroyed. It is probable that the extracts contain not only tlie 
hypertensinase active at pH 7.4, which Fasciolo states is inactivjited 
bv standing at room temperature and pH 3.6 to 3.9 for 30 minutes, 
but also a secfuid eirzyine not de.stroyed by this treatment. I lie 
presence in kidney extracts of .Midi a “secorui iiyperteiisinase 
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with an optimum for the destruction of angiotonin at pH 4 has 
been recently described/’ This enzyme will not be inactivated by 
keeping the pH of its solution at pH 3.7/ 

• Injection of Renal Extracts into Patients loith Arterial Hypertension. 
The effect of the kidney extract was studied on 7 patients. All the 
patients were admitted to this hospital, but remained^ ambulatory 
throughout their hospitalization. The extract was injected hitra- 
muscularly in the buttock, except on a few occasions when it was 
given intravenously. The blood pressure readings were made twice 
daily by one of the authors; and the value appearing on the charts 
is the average of these readings. Temperatures were recorded at 
least 4 times daily and that recorded on the charts is the highest 
daily value. The se^^erity of the local reactions was graded from 
1+ to 4+, depending on the amount of induration, erythema, and 
tenderness. Roentgen ray examination of the heart, electro- 
cardiograms, blood and urine studies on these subjects were obtained 
at various times throughout their hospital course. 

Case Abstracts, Case 1, a 46-year-old male, had apparentlj'- been well 
until 3 to 4 months prior to admission, when he developed progressive 
difficulty with vision, headaches, dyspnea, and weight loss. On admission 
to the hospital, physical examination revealed marked retinal changes 
with tortuous, irregular vessels, hemorrhages and exudates. The heart 
was slightly enlarged, but the lungs were clear. Blood pressure at this 
time was 250/140 mm. Hg and remained at about this level. Laboratory 
studies revealed anemia, albuminuria, hematuria, and cylindruria. The 
renal function was depressed, and the blood urea nitrogen rose as high as 
160 mg. per 100 cc. During his hospital course he developed evidence of 
cardiac failure and hypertensive encephalopathy. The diagnosis of 
rapidly progressing malignant Itypertension with cardiac and renal failure 
was made. 

After several weeks in the hospital, during which time his blood pressure 
remained stable, therapy with the renal extract was begun. He received 
daily intramuscular injections of 10 cc. of the extract for a period of 2 Aveeks. 
There Avere neither local reactions, constitutional sjmiptoms, nor any 
change in blood pressure. In addition to the intramuscular injections, the 
patient received 3 intravenous injections of kidney extract (2, 5, and 10 cc.) 
without any reaction or depressor effect. His course continued progress- 
ively doAvnhill, seemingly uninfluenced by the injections, and he died 
March 7, 1942. Autopsy confirmed the diagnosis of malignant hypertension. 

Case 2, a 42-year-old salesman, Avas apparently Avell until 1 year before 
admission, Avhen in a routine life insurance examination he Avas found to have 
an arterial pressure of 200/130 mm. Hg. Soon after this he deA^eloped dull, 
carly-morninp; headaches and nocturia, folloAved later by paroxysmal 
respirator^' distress, orthopnea, and edema. In November 1941 he was 
admitted to this hospital. Physical examination on entrance revealed 
marked retinal A'ascular sclerosis Avith hemorrhages and exudates, an en-- 
larged heart, and slight ankle edema. His blood pressure at this time Avas 
220/130 mm. Hg. Laboratory studies shoAved a moderate anemia, albumi- 
nuria, microscopic hematuria, and cylindruria. The diagnosis of malignant 
hypertension Avith cardiac and renal failure Avas made. 

The patient received 21 injections of 10 cc. each of kidnev extract intra- 
muscularly. There Avere only_ miniinal local reactions, no constitutional 
s.Aunptoms. and no change in his arterial pressure. During a later hospital 
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admission he received an injection of 1 cc. of kidney extract intravenously, 
which was followed 83-^ a severe chill reaction, but was without effect on the 
arterial blood pressure. 

Case 3, a 31-3’ear-old single female, had been well until G months prior 
to admission when she began to “lose pep” and fatigue easil3'. Later she’ 
developed blurred xdsion, headache, and occasional nausea and vomiting. 
In December 1941, when she entered this hospital, ph3'sical examination 
revealed marked retinal changes with papilledema, vascular sclerosis, hemor- 
rhages and exudate. The heart was slightty enlarged, and the blood 
pressure was 250/160 mm. Hg. There was moderate anemia, marked 
albuminuria, and depressed renal function. The diagnosis made was rapidl}’ 



Ch.mit 1. — Data of 'A. In this and the lollowinR chnrt.s, dosace of unniodificl 

renal extrart.s shown by white srniaros; dosape of hypertcnsinasc-poor c.xtract by the 
lilaek Idocks. The loeal reaetions are praded from 1 + to 4 + , dependinp on tlieir 
severity. Shoeklike reaetions are indicated by K, 

progrcs.sing malignant hx'portension. During this adinhsion she received 
.several injection.^ of kidnev- extract. Although the dose never cxceetletl 
5 cc. i)cr injection, there were marked local reactions with induratioUt 
orx’thema. and pain. There was n definite dccrca.se in the blootl i)rc.s--uro 
at’ tliis time, but becau.se the reactions were so .severe, injections were 
discontinued and she was discharged from the hospit.al. . _ . 

In April 1912. the iiatient was readmitted for further injections, llic 
findings on jdiA'sical ex.amination and laboratory' data were^ unchanged from 
the j)revious adnii'-ion, She received o intramuscular injection.s of 10 cc. 
each (Chart 1), all of which were followed bv- inoderateh' severe loc.al re- 
actions consisting of redness, indunition, heat, and tenderne's at tlif 
injection site. Weakne.'S, anorexia, and inarke<l .sweating dcveio5>c<l. 
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These reactions were accompanied by a definite decline in arterial pressure. 
The patient remained in the hospital after therapy was stopped, and her 
blood pressure rose gradually almost to its former level. Injections with 
hypertensinase-poor extract were then started. This therapy produced 
severe local and systemic effects, and the arterial pressure again fell. The 
patient complained of generalized arthralgia. She experienced one severe 
shocklike reaction with a marked fall in blood pressure. Therapy was 
again stopped, and the arterial pressure once more rose gradually. 

Case 4, a 35-year-old housewife, had an episode of dysuria and bloody 
urine 13 years previous to the present admission. Six years before the pres- 
ent admission she was first found to have high blood pressure and albumi- 
nuria. During her first admission to this hospital 4 years ago, her blood 
pressure was recorded at 190/103 mm. Hg. In the intervening time she 
developed blurred vision, increasing weakness and pallor and severe retinal 
damage with papilledema, vascular sclerosis, hemorrhages, and exudate. 
The heart was enlarged, and the average blood pressure was 260/150 _mm. 
Hg. There was a mild anemia, albuminuria, and moderately diminished 
renal function. The diagnosis of moderately rapidly progressing malignant 
hypertension was made. 

Following a period of obsen^ation, injections of kidney extract were 
instituted. An injection of 1 cc. of kidney extract intravenously was 
followed by a severe chill and febrile reaction (Chart 2). A moderate 
diminution of blood pressure occurred. Thereafter therapy consisted of 
daily intramuscular injections of 10 cc. of the extract. After the seventh 
injection there was a severe local reaction with fever, chilly sensations, 
sweating, and malaise. With this type of response there was a drop in her 
blood pressure (Chart 2). There was no definite change in the physical 
findings or laboratory data during the period of diminished blood pressure. 
After 18 days of treatment, the injections were stopped, and the blood 
pressure slowly rose to pre-injection levels. Intramuscular injections of 
hypertensinase-poor extract were then given. These were followed by 
even more severe local and systemic reactions. There was a striking 
decrease in the arterial pressure. The eighth injection produced a very 
severe shocklike reaction with imperceptible blood pressure. The in- 
jections were again stopped, and the blood pressure rose rapidly to its 
previous levels. 

Case 5, a 33-year-old married housewife, had had a pregnancy 9 years 
previously, which had been complicated by pyelitis, hypertension, and 
edema. Since that time she had been known to have a slightly elevated 
blood pressure. Two later pregnancies were complicated by hypertension 
and allmminuria. During the 4 years preceding admission she experienced 
increasing sjmiptoms of breathlessness, headache, and fatigue. Her blood 
])ressure on repeated visits to the out-patient clinic had averaged about 
220/120 mm. Hg. Physical examination on admission to this hospital in 
March 1942 revealed moderate retinal sclerosis, but no hemorrhage or 
exudate. The heart was slightly enlarged, and there were rales at both 
lung bases. Laboratory- data revealed only a moderate albuminuria and 
many white blood cells in the urinary- sediment. Renal function was good, 
and there was no nitrogen retention. A diagnosis of rather severe essential 
hy-i)ertension, possibly- caused by- chronic pyelonephritis, was made. 

Following a period of olrsen-ation, the patient received daily- an injection 
of 10 cc. of kidney- extract in the muscles of the buttock (Chart 3). After 
the fifth injection severe local and systemic reactions appeared. A moderate 
fall m arterial pressure developed. After about 3 weeks the therapy- was 
discontinued, and the blood jiressure slowly- rose to its original level 
Theraixy with hyiiertensinase-poor axtract was then instituted and was 
followed by severe local and general reactions. There was a decrease in 
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ing degrees of severifc}^ but despite this her blood pressure rose to almost its 
former level. On the twentieth day of therapy she had a severe, shock- 
like reaction. Following the twenty-isixth injection there was an extremely 
severe and long-lived local reaction, and the injections were thereupoii 
discontinued. Her blood pressure remained elevated throughout the 
rernainder of her hospital course. There was no significant change in 
retina?, heart size, electrocardiographic findings, or laboratory' data, either 
at the time of maximal response or when the injections were discontinued. 

Case 7, a o-S-year-old married housewife, had been known to have a 
markedly elevated blood pressure for about 15 j'ears. On repeated visit.s to 
the out-patient clinic of this hospital she had been found to have a blood 
pressure averaging about 230/130 mm. Hg. Her only complaint had been 
moderate headaches, except that she had experienced occasional attacks of 



nau.“ca, vomiting, and al)donunai pain thought to bo due to choiclitlim.-'is. 
During recent year.< there had been mild tlyspnca on exertion. She wa.'^ 
admitted to the hospital in March 1942 for therapy with kidney extract. 
Fhy.'^ical examination at liiat time showefl marked variation in the caliber 
of the retinal ve.<.'els with arterun'enous nicking, .'•overa! .'•mall hemorrhage.', 
but no exudate.'. The heart was enlarged and the average blood j)rC'.'Ure 
at this time was 2.50 13.5 nun. Ilg. I.aboratory data .showed only a mild 
anemia, and clectrocardiogr.ams revoaIc<l only left .axis deviation. The 
diagnosis was '•iienign'' liypcrtension of very long standing. 

Following a {>eriofl of observation the patient reeeivofi extract intra- 
muscularly (Ch.'irt 5). After about 1 week of therapy local reactions with 
erythema, induration, and tenfierness appearcrl accompaniefl by fever, 
sweating, and malaise, .‘'^non after this her (jressiire showed a defifiite 
decrease. The injc<‘tions were etmtimu'd daily, yet the blood prcs.-ure 
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slowly rose to its previous level. There was one severe, shocklike reaction 
with a precipitous fall in blood pressure. Following her twent 5 ^-third and 
twent 3 ^-fourth injections severe urticaria appeared, and no further injections 
were given. There was no change in the patient’s condition, or in the 
findings on phj’^sical examination or laboratory’- data except that she devel- 
oped an increased anemia while receiving the injections. 

Summary of Clinical Observations. Of the patients receiving the 
kidney extract, 4 had malignant hypertension and 3 had a more 
clironic or benign ^'ariety. The patients, of whom 5 were females and 
2 males, ranged in age from 31 to 53 years. 

In 2 patients (Cases 1 and 2), both males with malignant hyper- 
tension, the extract was given in full dosage (10 cc. per dose) intra- 
muscularly over periods of 2 and 3 weeks. The blood pressure in 
neither showed significant variation, nor was there any definite 
symptomatic change. Other than very minimal soreness and in- 
duration at the site of injection, no local or sy'stemic reactions 
occurred. Both of these patients also received extract intravenously. 
In one, a severe chill reaction followed the injection of 1 cc. of extract 
intravenously, but there \vas no change in blood pressure. No 
further injections were given to this patient. The other patient 
received intravenous injections of 2, 5, and 10 cc. without any 
reaction. His arterial pressure remained unchanged. 

In the remaining 5 patients the daily intramu-scular injection of 
kidney extract produced a significant decline in arterial pressure. 
The initial injections were followed by slight tenderness and pain 
at the site of injection, but there were no other symptoms until 
after the injections had been continued daily for from 2 to 10 days. 
Then a different and more severe type of reaction occurred. After 
several hours the site of injection was surrounded by an area of 
marked induration which usually involved the entire buttock and 
frequently spread over the sacral and lumbar regions. The skin 
was red and hot, and in many cases an erythematous confluent 
macular eruption occurred, which involved not only the skin 
of the injected buttock but also the skin over the sacrum and 
that of the lateral and anterior aspects of the thigh where there was 
a bandlike area of erythema parallel to and just below the inguinal 
ligament. Associated with this severe type of local reaction, there 
were ^’^a^ious constitutional symptoms of fe\^er, chilliness, sweating, 
anorexia, and lethargy. The maximum fever was usually reached 
about 6 hours after injection, and then declined to normal within 
T2 to 24 hours. Associated with this type of response there was a 
definite decrease in the arterial blood pressure (Charts 1-5). 

As long as the injections were given, the patients continued to 
have constitutional symptoms and local reactions of varying severity. 
Weakness, sweating, and loss of appetite appeared to be out of 
proportion to the febrile reaction. At times the patients appeared 
to have fewer headaches, Imt in general there was no striking change 
m their symiitoms. The eyegrounds showed no change. The heart 
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size and electrocardiograms were not affected. In some cases a 
moderate anemia developed, and in one case eosinophilia was 
noted. Leukocytosis did not appear. The sedimentation rate was 
elevated before therapy was started in most instances, and remained 
so throughout the period of injections. Urinalyses and kidney 
function tests showed no striking change after therapy. In one 
patient the arterial pressure rose to its former level despite con- 
tinued therapy. 

After about 3 weeks of injection therapy new manifestations 
appeared. Particularly violent local reactions occurred, with in- 
duration that persisted for weeks. In 2 patients severe urticaria 
appeared a short time after injection, and in others a mild arthralgia 
occurred. Severe shocklike reactions occurred in 4 patients on one 
occasion each. These developed almost immediately after com- 
pletion of the injections and were characterized by flushing of the 
face and a precipitous drop in arterial pressure. In these instances 
the patient complained of a feeling of warmth and of a tingling sen- 
sation in the fingers. After a short period of time e.xtreme pallor 
developed; the pulse became rapid and feeble; and at times the 
arterial pressure was unobtainable. The patient complained of 
substernal pressure and “tightness” in the chest, but there was no 
evidence of bronchial spasm. There were some complaints of ex- 
cruciating lumbar pain. In addition confusion, nausea, vomiting, 
diarrhea, and hoarseness occurred in several instances. The more 
severe part of the reaction passed within an hour, but the patient 
remained weak, hoarse and prostrated for the remainder of the day. 
Electrocardiograms failed to reveal evidence of myocardial infarc- 
tion. The site of injection showed less reaction on the days that such 
severe shocklike reactions occurred. 

After varying periods of time, the injections were stopped and the 
patients remained in the ho.spital, ambulatory as before. The weak- 
ness, sweating, and anorexia disappeared. The blood pressure in all 
cases gradually rose, within 2 weeks, to the pre-injection level. 

A hypertensinase-poor renal extract was then prepared and in 3 
patients therajiy was resumed. The.se injections resulted im- 
mediately in marked local reactions, accompanied as before by 
constitutional symptoms, and by the sixth day all 3 jiatients had a 
definite ilecline in the arterial blood pre-ssurc. The local and .sy.s- 
tcmic reactions were similar to those produced by the original 
extract, .\ftcr a definite fall in blood pressure was obtainc.i tlie 
injections were stojiped, aiul with cessation of therajiy the l)lood 
pressure tended to return to the initial levels. 

Comment. Tlie results obtainefl with the unmodified kidney 
extracts were similar to those reported iiy Page and his colleagues.’ 
The material was jirejiared by cinnimrable methods and it was given 
in equivalent dosage. The severe shocklike reactions were like tliosc 
reported by Page, firollman, Williams and IlarrisoiP have reiK)rted 
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also that renal extracts cause a lowering of the arterial pressure in 
both human and experimental hypertension. These authors have 
administered crude renal extracts both oral and parenteral 
routes. In their recent work they have used the dialyzable portion 
of the crude extract.'* 

It is well known that the arterial pressure in hypertensive patients 
may be lowered by febrile diseases. Stead and Kunkel*” reported 
striking decreases in arterial pressure in 2 hypertensive subjects 
treated with malaria. Chasis, Goldring and SmitlT have observed 
that various pyrogenic agents, such as pyrogenic inulin, triple typhoid 
vaccine and tyrosinase, cause a fall in arterial pressure in hyper- 
tensive subjects. The fall in arterial pressure induced by these 
methods occurred also when the febrile reaction was prevented 
by the use of amidopyrine. The above authors state that injec- 
tion of tyrosinase did not produce a fall in blood pressure until local 
reactions with fever occurred. The local reactions with constitu- 
tional symptoms which follow the repeated injection of tyrosinase 
were similar to those produced in our patients by the injection of 
renal extract. 

In 5 of the 7 cases of arterial hypertension, the renal extract 
caused a definite decrease in arterial pressure. It is significant that 
no decrease occurred in the 2 patients who had no local reactions 
or constitutional symptoms. In the other 5 patients, the extract 
produced severe local reactions which were accompanied by con- 
stitutional symptoms. From the time that the arterial pressure 
liegan to fall the patients were obviously sick. Although the pros- 
tration that occurred in these patients was similar to that seen in 
patients recovering from a chill produced by the intravenous in- 
jection of typhoid vaccine, severe chill and high fever never occurred 
after the intramuscular injection of the kidney extract. A moderate 
rise in temperature usually developed at the time of the original 
fall in arterial pressure, but the weakness, sweating, and anorexia 
were much more pronounced than that usually seen with this degree 
of febrile reaction. Though there appeared to be a definite relation- 
ship between the fall in arterial pressure and the occurrence of 
severe local reactions and constitutional s3nnptoms, there was no 
definite correlation between a sustained fall in arterial pressure and 
the severe shocklike reactions. 

Dail.v observation of these patients led us to believe that the fall 
in arterial pressure was produced by a non-specific toxic effect of the 
renal extract on the body. It was impossible to distinguish between 
symptoms produced by the direct pharmacologic action of the tissue 
extract and those produced by the sensitization of the body to the 
extract. Certain of the signs and s^-mptoms were undoubtedly^ 
allergic in origin, and the fact that the fall in arterial pressure did 
not usually occur until after several injections had been given 
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suggests that sensitization of the body to the extract may Jiave 
played an important part in lowering the arterial pressure. 

Two experiments were devised to determine whether the hyper- 
tensinase present in the extract was responsible for the fall in arterial 
pressure. First, the intravenous injection of the extract was 
attempted. In all but one instance sufficient quantities of the extract 
could not be given intravenously because of the chill reaction. One 
patient, however, received 10 cc. of the extract intravenously with- 
out a febrile reaction and without any change in blood pressure. 
This was taken as presumptive evidence that the hypertensinase in 
the daily dose of the e.xtract was not capable of lowering the arterial 
pressure. The second approach was an attempt to destroy the 
hj'pertensinase in the e.xtract, and then determine whether the 
e.xtract still lowered the arterial pressure. The e.xtract in which 
most of the hypertensinase had been destroyed was found to be as 
effective in lowering the arterial pressure as the original extract had 
been. These experiments served to confirm our belief that the 
decrease in arterial pressure was produced by a non-specific effect 
of the extract on the body rather than by specific interference with 
a renin-hypertensin reaction system. 

Summary and Conclusions. 1. A kidney extract, similar to that 
of Page ci al., was prepared. The diastatic activity and the nitrogen 
distribution of the extract were determined chemically. The 
renin and hypertensinase activity were determined by biologic 
assay. 

2. Seven patients with arterial hypertension were given daily 
intramuscular injections of the e.xtract. In o of these patients there 
was a significant lowering of the arterial pressure, which appeared 
to be related to the fever, sweating, weakness, anorexia, and sex crc 
local reactions which were produced by the injections. 

3. The arterial pressure was not lowered in 2 patients in whom 
injection of the e.xtract produced neither local reactions nor con- 
stitutional symptoms. 

4. Ilypcrtcnsinase-poor extracts were prepared to determine 
whether the fall in arterial pressure was produced by the specific 
action of the hypertensinase on a renin-hypertensin system. In- 
jection of the.se hypertensinasc-poor e.xtracts produced a fall ni 
arterial pressure similar to that produced by the unmodified extract. 

It is concluded that the decrease in arterial pressure was pro- 
duced by a non-.specific effect of the renal extracts on the Iiody 
rather than by specific interference with a renin-hy{)ertcnsin system. 
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In a recently published review^ of 444 cases of gastric carcinoma, 
we called attention to the age incidence and sex discrepancy in this 
condition, and suggested an endocrine basis. The new field of 
inquiry opened to gastro-enterologists by the recently isolated and 
synthesized sex hormones also was pointed out. 

In an effort to correlate the marked changes in the content and 
character of the sex hormones which take place during that period 
when gastric carcinoma is most prevalent with the effects of age and 
sex on the physiology and pathology of the gastric mucosa, w^e 
reviewed those cases of benign gastroduodenal lesions which we 
had available. In the past 15 years, 1184 cases of peptic ulcer 
have been studied and followed in the Gastro-enterological Clinic of 
our division. Of these, approximately 10% (112 cases) have been 
surgically treated and the remainder carried under medical care. 
Reviewing age incidence and sex distribution of these cases, it was 
found that approximately 88% (1050) were males and only 12% 
(134) females. The incidence of duodenal ulcer was 89%; of gastric 
ulcer 11%. The average age was 35. 

In view of the apparent sex-linked character of this disease, -we 
decided to reexamine the known effects of hormones on the gastric 
and duodenal mucosa and to add to this the clinical and experi- 
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mental data we have gathered to date.* Although we have had 
a large experience with various hormones in the treatment of gastro- 
enterologic conditions, we have only presented those in which the 
follow-up has been of sufficient time (1 to 5 years) to make the 
observations of value. 

For several years medical literature has contained clinical and 
experimental reports on the effects of the isolated hormones and 
vitamins on the stomach and duodenum. In our attempt to collect 
and summarize the knowledge of hormonal effects on the gastro- 
duodenal mucosa, we realize that there are manj' omissions due to 
the limitations inherent in an article restricted in size and scope. 

Chemical synthesis and physiologic studies are rapidly disclosing 
the close relationship between vitamins and hormones. Several 
effects of vitamins A, B complex, C and D on the gastric mucosa 
and gastric musculature have been determined. 

Vitamin A exerts a control on epithelial growths and prolifera- 
tion,-^''® has been shown to affect the type of cell formation, and to 
cause extraordinary tissue proliferation in the gastric mucosa of 
experimental animals.*® Vitamin B complex deficiency causes 
marked delay in the emptying time of the stomach^ and a lowering 
of gastric acidity.®® 

Mucosal changes due to lack of vitamin C disturb gastric func- 
tion®® by what is thought to be an action on the l)lood supjjly of 
the mucosa. In traumatic injuries, which are probably frequent 
in the stomach, vitamin C deficiency causes a failure of the proliferat- 
ing mesodermal cells to mature and collagen formation is impaired.'" 

Cod-liver oil depresses gastric mucosal activity and slows the 
motility of the stomach.®' This inhibition of secretion and motility 
is not completely a local but a humoral effect and is probably due 
to the release of enterogastrone.®® 

Endocrines are dependent on the conversion of vitamins for tiieir 
synthesis and metabolism.® It is probable that at least part of the 
influence on cellultir tissue growth and glandular secretions attrii)- 
uted to vitamins is indirect, and due to hormone anabolism, metab- 
olism and consequent activity. 

Gastric h\*pcr.sccrction in hyperthyroidism has been noted by 
several authors.'* ®® 

Various effects of thyroid administration on ga.strie secretion 
have been described by Katz.^* Badylke.s,*' Lewit,®® Ilardt,®' and 
Truc.==dell.®® A recent careful anci authoritative study shows that 
in hyperthyroidism there is an increased percentage of achlorhydria, 
increased prominence of gastric rngie, an earlier start to gastric 
emptying time, and a ilelay in complete emptying time." 

Removal of the parathyroids depresses gastric secretion" and 

• FurtliP.' studip" ivprc intcmltfl hut wt> nrp j.uhli'-IiinK our fiodint's to d.'itr. 
one of us (R. H. ■^■'1 f>eeu e-'ill'-'l to netive duty in the Me'Iir.iI CorjH of the 1 . s- 
Nnval Revrve. 
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overdosage of parathormone abolishes gastric secretion due to ex- 
tensive hemorrhage into the gastric mucosad The relationship of 
the parathyroid to the gastric secretion has been established and 
summarized hy Babkin and his associates.® They report that 
repeated administration of parathormone affects first the nervous 
phase and then the chemical phase of gastric secretion; the volume, 
acidity and peptic activity all diminish proportionately to the degree 
of hjTDercalcemia. 

Although the results show some variation, insulin increases the 
free acidity and depresses gastric motility.®® Over 80% of severe 
diabetics have hypochlorhydria.^® 

The means by which the mucosa of the pyloric end of the stomach 
affects the production of secretions from the cardia and fundus 
have not as yet been completely established, but there is sound 
experimental evidence to show that the hormone “ gastrin is 

produced and thrown into the blood stream b}”^ the pyloric mucosa, 
which instigates this process. Despite lack of confirmation by 
Finsterer®” and Wangensteen,®^ the work of several investigators 
leaves little doubt concerning an endocrine action. Because of the 
similar action of histamine upon the gastric mucosa, several authors 
believed this hormone to be histamine; however, recent work on 
isolated and denervated gastric pouches with histamine-free extracts 
demonstrates the true hormonal character of the internal secretion 
of the gastric mucosa. ®'^®'®^’®® The means by which the liberation 
of secretin, cholycystokinen and enterogastrone, all internal secre- 
tions of the duodenum, are accomplished are still not completely 
clear; probably it is partl.y due to the arrival of acid contents of the 
stomach, and sometimes influenced by hormonal control.''^ Hor- 
mones from the intestine, secretin,'*® cholycystokinen,'*® and entero- 
gastrone®* also affect the gastric mucosa. It has been shown that 
the internal secretion of enterogastrone, which depresses gastric 
secretion,®® activates and stimulates the duodenal mucosa. A sub- 
stance recovered from urine; urogastrone, probablj’- excreted entero- 
gastrone, suppresses gastric secretions.®® 

Adrenalectomy depresses gastric secretion. In Addison’s disease 
the gastric secretion shows either hypo-acidity or an achylia.®® 

^ Pituitrin depresses gastric secretion.®^ In acromegaly and 
Froehlich’s syndrome, gastric secretion is often decreased.®^ Recent 
experiments and clinical findings show that the gonadotropic sub- 
stances in the blood stream influence the activity of the gastric 
mucosa. The anterior pituitary-like fraction of pregnancy urine 
depresses gastric secretion.*® De Lisi®* believed that the depression 
of gastric secretions following the administration of anterior pitu- 
itary-like substance is secondary to its effect upon the thyroid and 
OA-aries. One of the hormones from the pars posterior of the pituit- 
firy gland, vasopressin, affects the activity of the gastric mucosa, by 
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virtue of its control of the blood flow to the secretory glands. Injec- 
tions of large doses of this substance will produce extensive hemor- 
rhagie lesions into the acid-producing portion of the stomach, and 
inhibition of gastric secretions.-- 

Increased acid secretion in dogs has been noted in transplanted 
gastric pouches during lactation.''’ Gastric hypersecretion has been 
noted following parturition.'"’ Gastric acidity is reduced during 
pregnancy. Peptic ulceration rarely occurs during this period anti 
if it was present prior to gestation, a remission usually takes place.''’'''' 
This has been thought to be due to increased blood estrogen,'® but 
further observations following estrogen injections in animals and 
humans have failed to verify this finding.'-'® Estrogens in males 
over 60 increase appetite, and oral and parenteral overdosage of 
estrogenic substance (stilbestrol) has produced nausea, vomiting 
and epigastric pain.''-®'-'® We do not believe this to be completely 
a local irritative effect as has been thought Ijy some, but a hor- 
monal effect on the gastric mucosa. 

Males and females have an approximately equal number of peptic 
ulcers before puberty, when their hormonal balance is as yet not 
well established; following puberty and synchronously with the 
change in the androgen estrogen ratio, the peptic ulcer ratio changes 
to 9 males per I female.''-" The incidence of achlorhydria definitely 
increases with age. Peptic ulcer occurs frequently in females during 
and immediately following the menopause. 

These evidences of endocrine control of the gastroduodenal 
mucosa have encouraged us to study the re.sult.s of ehauging tlie 
hormone l)alancc in males by the intramuscular injection of c.s- 
trogens. 

Method. Twenty-two men, all with protracted hi.storie.‘i of chronic 
duodenal peptic ulcer, who had been previously under other treatment 
unsuccc-ssfully in our Gastro-inte.stinal Clinic for at least 1 year (usually 
longer) were placed on daily (except Sunday) injections of various do.sagc-s 
of estrogenic substance (theelin in oil). All injections were given in the 
same clinic, by the same nurse in tlie .same place (buttock). Xo further 
medication was given unless .siiecifically indicated (see Table 1). 

I^aboratorj' studic-s on all patient.s .showed negative serologic tc.sts for 
syphili.s, urinah’.so.s showed no abnormality, and basal metabolic ratas were 
within nonnal limits. 

Sf.M.MAUV or 'rAUi.K 1. .Ml patients were males and had positive 
.r-rays for duodenal ulcer. .Average age 39.2 years. The average 
length of time between diagnosis and beginning treatment in this 
clinic w!is 2.9 years (several had refuse<l operation). 

Of the 22 eases, 21 were ffillowed for 1 to 3 months; l-l for 6 inontlis 
to I year; 13 for 1 to 3 years; and 1 1 for 3 to n years. 
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Clinical Results 
22 cases followed for 1 to S months: 

1 Recurrence of severe symptoms 
(worse) 

1 Unimproved 

8 Good results. iMild residual gas- 
tro-intestinal symptoms 
10 Asymptomatic following treat- 
ment 

1 Results unknown 

14 cases followed 6 months to 1 year: 

5 Recurrences of severe symptoms 

3 Unimproved 

4 Good. Mild residual gastro-in- 

testinal symptoms 

2 Asymptomatic 

15 cases folloiced 1 to 3 years: 

7 Had recurrences 
2 Unimproved 

5 Good results. Mild residual gas- 

tro-intestinal symptoms 

1 Asymptomatic 

2 Operated upon (1 asymptomatic; 

1 died) 


A'-r.vy 


7 Negative .r-rays 
after treatment 
14 Positive .r-rays 
after treatment 


1 Negative 
12 Positive 
1 Unknown 


3 Negative 
10 Positive 


Two case.s with former good results and recurrences had 10 further 
injections each of 1000 units of theelin, 10 and 1 2 months respectively 
after the original injections. These patients are reported as good 
(improved i)ut with occasional gastro-intestinal upset) and unim- 
proved, respectively, I to 3 years following treatment. 

11 cases followed for S to 0 years: 

8 Had recurrence 4 Negative .r-rays (2 

3 Good operated cases) 

3 Asymjitomatic 7 Positive 

3 Unimproved 

1 Operated upon (asymptomatic) 

Seven patients were given gastric test meals both before arul after 
treatment; the second test, however, was performed at varying 
intervals following treatment (1 week to 2 months). Although 
several were above normal limits prior to treatment, the free and 
total acid either remained above normal or was perceptibly higher 
following treatment. No cases showefi a fall in either free or total 
acid. des])itc clinical and x-ray improvement. 



C.C. of 0.1 N NaOH (AveraEe of Five Cases) 
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The results of estrogen administration occurring in this group 
(Table 1) seemed worthy of further investigation; in addition, 
therefore, we followed 9 cases from 10 to 18 months (1940-41) with 
additional studies. Using larger doses of estrogenic hormone, urine 
estrogen studies, gastric analyses, and gastroscopic examinations 
were made. 



Fia. 1. — Increase in gastric acidity before and after estrogen injections. 
(Cases 1, 2, 3, 4 and 5 of Table 2). 


Seven male patients with active symptoms caused by chronic 
duodenal peptic ulcer, who had been treated in our clinic for more 
than 1 year, were placed on large doses of theelin (estrogenic sub- 
stance). From 200,000 to 700,000 international units of theelin 
were given by daily (except Sunday) intramuscular injection in 10 to 
50,000 unit doses. During the period of injections no other medi- 
cation was given except placebos when necessary. 

Two of the males chosen had had theelin injections with remission 
and recmrences previously (1937— Case 4; 1938— Case 9— Table 1), 
and incidentally requested further injections.* 


* Two female patients swffering from duodenal ulcers of 5 to IS months’ duration 
any having menopausal sjmiptoms, were also treated. In the females the theelin 

2 times weekly). On these cases we have either 
msufhcient laboratory work or follow-up to evaluate the results and they will there- 
mro not be taken into consideration in the calculations and conclusions 
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Studies of the 24 hour urine output for measurement of the 
amount of estrogenic hormone present were performed before and 
following theelin injections. 

Blood and urine estrogen studies were made prior to and following 
treatment in 8 of the 9 cases. tabulated in Table 2. All but 1 case 
showed a rise in urine estrogen following treatment. Neither urine 
nor blood androgens were investigated and therefore the status of 
the androgen-estrogen ratio is not known. The work will have to 
be repeated to ascertain these facts. 

Five cases (Table 2) had gastroscopic examination previous to 
estrogen administration; unfortunately, however, only 2 cases were 
so examined after treatment. Although in these 2 cases (3 and 7 
of Table 2) which were asymptomatic at the time of gastroscopy, 
despite a marked rise in gastric acidity, the gastric mucosa was 
apparently normal; there is no method of ascertaining the condition 
of the duodenal mucosa by direct vision. We cannot overempha- 
size the importance of gastroscopy in determining the physiologic 
and pathologic status of the gastric mucosa. Further evidence of 
gastroscopic changes in a larger series of cases is being prepared and 
will be published in a separate report. 

Summary of Table 2. All cases treated showed clinical improve- 
ment during and immediately following treatment. Of the 7 males, 
4 were asymptomatic and 3 felt generally well but had occasional 
mild gastro-intestinal symptoms— heartburn, belching, slight epi- 
gastric pain, etc.— which did not, however, require further medica- 
tion. Z-rays of the stomach and duodenum which had been pre- 
viously positive were completely reversed to negative (— ) in 2; 
3 showed evidence of healed lesions (±) but no evidence of activity; 
and 2 remained positive (-{-). 

At 4 to 6 months following treatment 2 cases remained asympto- 
matic; 2 felt generally well but had occasional gastro-intestinal dis- 
turbances. Two cases were unimproved and needed further medi- 
cation due to gastro-intestinal complaints. One case had recur- 
rence of severe acute symptoms starting 5 months after injections. 

Gastro-intestinal .r-ray checkup at this time on 5 of the 7 patients 
showed 1 case with signs of a healed lesion but without activity, and 
showed the remaining 4 positive for duodenal ulcer. 

Further follow-up showed 5 cases had recurrences of acute symp- 
toms, at 5, 10, 11, 11 and 13 months respectively, and 3 required 
hospitalization. One case failed to return. A single case showed 
signs of a healed duodenal lesion and the remaining 6 cases showed 
positive .T-ray evidence of duodenal ulcer. 

Gastric test meals (with histamine stimulation) were performed 
1 day to 1 week prior to theelin injection and within 1 week follow- 
ing the last injection. The method of gastric analysis employed 
was as follows: 

The patient came in without breakfast. A Levine tube No. 18 
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was passed through the nose into the stomach, and a fasting speci- 
men of about 30 cc. collected and labeled as such. Then ^ cc. of 
histamine was given by subcutaneous injection. A test meal speci- 
men of about 10 cc. was then taken and labeled No. 1, and after 
that at -15 minute intervals additional specimens to a total of 4 were 
collected and labeled, No. 2, No. 3 and No. 4 respectively. 


Table 3. — Resclts or Gastbic Test Meals 



Before 

FoIlowinK 

Total 

increase 


Free 

Total 

Free 

Total 

Free 

Total 


acid 

acid 

acid 

acid 

acid 

acid 

1. Fasting 

. . 0 

2 

15 

21 



1 

. . 0 

6 

20 5 

32 



2 

. . 34 

42 

42 

49 



3 

. . GO. 5 

00 

71.5 

84 



4 

. . 64 

74 

S8 

110 




15S.5 

190 

2.37.0 

290 

78.5 

100.0 

2. Fasting 

. . 10 

14 

14 

15 



1 

. . 12 

23 

22 5 

24 



2 

. . 30 

40 

30 

40 



3 ! 

. . 50 

74 

70 5 

74 



4 

. . 70 

S3 

90 

100 




1S4 

240 

239 0 

253 

55 0 

13 0 

3. Fasting 

. . 0 

2 

0 

9 



1 

. . 0 

4 

5 5 

15.5 



2 

. . 0 

4 

30 

43 



3 

. . 20 

20 

00 

OS 



4 

10 5 

30 

79 

80 5 




30 5 

00 

174.0 

222.0 



4. Fasting 

. . 15 

15 

50 

72 

144.0 

150.0 

1 

. . 25 

39 

73 

81 



2 

. . 37 

.55 

91 

98 



3 

. . 54 

72 

100 5 

111 



4 

. 05 

78 

S7 

93 




190 

259 

407 5 

455 

211 5 

190 0 

5. Fasting 

15 

23 

22 

37 



1 

, . 10 

23 

30 

47 



o 

. . 25 

29 

59 

07 



3 

33 

30 

71 

8-1 



4 

0 

12 5 

SO 

89 




S9 

123 5 

202 

:i2} 

173 0 

200 5 


Three cases (2, 3 and 4) showed a moderate degree of hyj)craeidity 
and 2 cases (1 ami 5) showed normal gastric acidity prior to c.stro- 
gen injections. .411 slK)wcd a tremendous increase in free and total 
acidity following the injections of estrogens: increase of 40% O) 
180% free acid; of 22% to 104% total acid. It is possible that the 
increase would have been more marked in Cases 1, 2, 3 and 5 if 
further sjiecimens had been taken. 

word concerning the interpretation of x-ray re.sults. There is no 
difficulty with flcfinitely negative or distinctly positive plates. 
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However, a problem arises in the interpretation of those which ha'sm 
been reported as “evidence of previous inflammatory disease,” 
“slight residual deformity,” “minimal deformity, findings suggest 
healed ulcer,” “no sign of activity at present,” which we have listed 
as ± in Table 2. We both respect and appreciate the integrity of 
the roentgenologists of this institution in their efforts to help us 
diagnose these rapidly changing lesions. We believe it is particu- 
larly difficult to determine whether these duodenal lesions which 
we have grouped as ± are due to scarred healing or early re-occur- 
rences at the original site. 

It is not surprising that the injection of estrogens in males showed 
an increase in gastric mucosal activity. It has been shown that the 
anterior pituitary-like gonadotropic substance will lessen the amount 
of gastric secretion and lower the free and total acidity.^® In 
several other instances anterior pituitary gonadotropic substance 
and estrogens act in an opposing manner. are in agree- 

ment with others® that estrogens do not depress the quantity and 
acidity of gastric secretion. There seems to be a discrepancy in 
the relationship between the healing of duodenal peptic ulcers and 
the gastric acidity. With the increase of blood estrogen levels they 
appear to heal in the presence of an increased gastric acidity. 
Winkelstein, having treated 20 women showing menopausal symp- 
toms combined with “ulcer symptoms” with 20,000 units of Progy- 
non B injected 3 times weeldy, states that there was no notable 
change in the acidity curves. Although .T-rays were taken, the 
results are not given; though there is no definite follow-up, “clinical 
improvement persisted for some months.” Recurrences were fre- 
quent but usually relieved by further injections. He concludes that 
in this group, estrogen therapy was instituted with good results and 
believes it an open question as to whether the improvement was due 
to a specific effect on the gastric mucosa or the relief of the neuro- 
vascular symptoms of the menopause.®® Assuming an alteration 
in the androgen estrogen ratio caused by parenteral estrogen injec- 
tions, it seems logical to assume that results in males will differ from 
those in females. 

The problem of evaluating therapeutic results in any group of 
peptic ulcer cases is fraught with difficulty; we would be extremely 
gullible to come to definite conclusions, ignoring the many factors 
involved in the life cycle of a lesion as evasive and poorly under- 
stood as peptic ulceration. In tlie realization that spontaneous 
remissions are characteristic of this condition, we feel that a con- 
sideration of the nutritional, psychoneurogenic, and (we shall add) 
endocrine factors is paramount in an attempt to come to an under- 
standing of the phenomena which take place. We have, however, 
several groups of patients who act as controls, to which these results 
could be compared, i. e., those who were receiving various other oral 
and parenteral drugs during the same period. The great importance 
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of a long and careful follow-up is clearly shown. It is self-evident 
from thd tables that if the cases had not been studied continuously 
and over a protracted period the results would be misleading. 

In the larger, longer followed group (Table 1), the 1 to 3 month 
checkup of 21 of 22 cases showed 10 (47.6%) asymptomatic, and 
8 (37.1%) improved enough not to require further medication. 
This 84.7% (47.6 plus 37.1%) shows definitely more improved cases 
than we see with control groups (the latter varies from approxi- 
mately 38% to 70%. In 7 cases (33.3%) the .r-rays, previously 
positive, had become completely negative in a short period. The 
best results in the control groups during the same time period show 
approximately 20% reversal of .r-ray evidence. 

At the 6 months to 1 year period, of 14 out of 21 cases, only 2 had 
remained asymptomatic, but 4 were definitely improved. Only 
1 .T-ray remained negative. Five cases had recurrences of symp- 
toms. At the 3 to 5 year follow-up, 3 cases were asymptomatic, 
3 greatly improved, and 4 had negative .r-rays. However, of those 
who were asj’mptomatic (with negative .r-rays), 2 had already been 
subjected to subtotal gastrectomy. These results, as far as the 
percentage of those who come to surgery is concerned, are compar- 
able with the results of all other treatments at our clinic, i. c., 
approximately 10% come to surgery (all receive subtotal gastrec- 
tomy).’® All that can be said for the therapeutic results in this 
group (Table 1) is that daily parenteral injection seemed to have 
caused a larger percentage (84% against 48% to 70%) of remissions 
and reversal of .r-ray evidence (33.3% against 20%) in the course 
of the duodenal peptic ulcer. These remissions and reversal of .r-ray 
positivity were definitely transitory in character, reverting to the 
average of the controls in 3 to 6 months to 1 year following treatment. 

In tlie second group (Table 2), considering the 7 male patients only 
at the 3 month follow-up, 4 were asymptomatic and 3 definitely 
improved. Two had complete reversal of a previously positive 
.r-ray and 3 showed residual scarring in the duodenum but no evi- 
dence of activity. However, 6 months later only 2 remained 
asymptomatic; 2 were definitely improved, and 1 case had recur- 
rence of symptoms at o months. Of the o .r-rayed, 1 showed residual 
scarring and 4 were positive for chiodcnal ulcer. -Vt 1 year (only 
6 cases followed). 1 case (whose j-ray showed evidence of a healed 
ulceration but no activity) remained asymptomatic and the remain- 
ing n cases had recurrence of severe symptoms at 10, 11,11 ami 
l.'i months re.spective!y. with positive x-ray findings. 

Theve results would tend to verify our conclusions concerning 
cases in the previous scrie.s (Table 1) that daily parenteral estrogen 
injection in the do-age given, causes a higher percentage of remission 
iji chronic duodenal ulcer, lasting from .o to 10 months, than found 
in controls. The transitory nature of this remission (in lahle 2) is 
particularly marked. .-Mthough the number of cases in this group 
is too small to sample for mathcmatic-al cjilculation, the results seem 
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clear-cut. Of greater importance than the subsidence of symptoms 
(in the clinical course of peptic ulceration) is the healing of the duo- 
denal lesion. This change in the lesion (Table 2) occurred in 5 cases 
(as evidenced by .r-ray) in the presence of a markedly increased free 
and total acidity (Table 3). It seems to cast doubt on present 
views concerning the relationship between the healing of a duodenal 
ulcer and lowering the gastric acidity. Others who have experi- 
mented on an entirely different basis have come to similar conclu- 
sions (at least as far as antacid therapy is concerned).®^ It is not 
possible with our present knowledge to determine whether the heal- 
ing of the peptic ulcer was due to a direct effect of estrogens on the 
duodenal mucosa or whether the healing is secondary to the effect 
upon the gastric mucosa and its secretions.’^ Further animal experi- 
mentation will be necessary to determine this point. 

In the second group (Table 2) we paid especial attention to endo- 
crinopathies resulting from the large doses of estrogens given. 
Three patients developed gynecomastia; 2 developed loss of libido. 
These manifestations lasted from 2 weeks to 2 months following 
treatment and then completely disappeared. 

Prostatic examination on all patients showed no evidence of 
abnormality. • 

Ex’periences of several observers®’®® have emphasized the inherent 
dangers in continual hormone injection, especially in large doses. 
We are in no way recommending hormone therapy as routine treat- 
ment in peptic ulcer and would add our warning to that of others on 
the possible carcinogenic activity of these powerful agents. It is 
possible that in a patient with a threatening perforation, on whom 
operation was not feasible, hormone therapy would be applicable. 

In previous publications^’®® we have called attention to the rela- 
tionship between the androgen estrogen ratio and the gastric mucosa 
in carcinoma of the stomach. We believe that the clinical and 
experimental work reported above furthers this concept. Loeb®® 
has stated that the sex hormones influence the inception of malig- 
nancy in those tissues which they affect; the gastric mucosa is 
affected by the change in the androgen estrogen ratio brought about 
by the administration of estrogens. Further studies on this subject 
are at present being completed for future publication. 

Summary. 1. Clinical and experimental evidence of the endo- 
crine character of the secretions of the gastroduodenal mucosa is 
reviewed. 

2. Attention is called to the sex linked factors in peptic ulceration. 

3. The favorable, though largely temporary, results of parenteral 
administration of estrogen (theelin) on the gastroduodenal mucosa 
of 29 male patients with chronic duodenal peptic ulcer are noted. 

4. The possible relationship between the androgen estrogen ratio 
and gastric carcinoma is pointed out. 

Aclaiowledgmont is made of the assistance pro\-ided by Parke, Davis & Co. in 
lUrnislnnE a grant to cover part of the expenses in carrying out this study. 
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THE TWO-DOSE GLUCOSE TOLERANCE TEST* 

By Edgar Wayburn 

CLINICAL INSTRUCTOR IN MEDICINE 
AND 

Horace Gray 

CLINICAL PROFESSOR OF MEDICINE, 

SAN FRANCISCO, CALIF. 

(From the Department of Medicine, Stanford University School of Medicine) 

Part 1 

Sugar tolerance tests have been used for many years and have 
a definite place in the evaluation of carbohydrate metabolism. 
The chief objections to the usual type of sugar tolerance test include 
the need for 5 needle punctures and 5 determinations of sugar in 
the blood and urine, the 3-hour period required, and the insufficiency 
of information with regard to the ability of the patient to metabolize 
glucose. As a consequence, many physicians who desire more in- 
formation about their diabetic patients than is disclosed by urinary 
tests secure a single blood specimen. Usually this is a specimen of 
blood obtained in the morning when the patient has fasted over- 
night. 

In 1931 Exton and Rose^ devised a sugar tolerance test which 
required only 3 specimens of blood. Their procedure was as fol- 

* Supported by a grant from an anonjonous donor and by the Rockefeller Fluid 
Research Fund. 
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lows: 2 packages each containing 50 gm. of glucose were made 
up and each dissolved in 200 cc. of water to which orange or lemon 
juice was added to flavor. Fifty gm. of glucose were given and the 
blood and urine were collected. Thirty minutes later another 
50 gm. of glucose were given and blood and urine were again col- 
lected. Thirty minutes later blood and urine were collected for 
the third time. The criteria of a normal response were that the 
final blood sample should be less than or only slightly higher than 
the peak, and that the total urinary excretion should be less than 
100 mg. Renal glycosuria was indicated by a low flat blood sugar 
curve with higher excretion; alimentary glycosuria by sharp distinct 
peaks with low or only slightly higher final values and urinary 
excretion of over 100 mg. Diabetes was diagnosed if the final 
specimen was 10 or more mg. higher than the peak and excretion 
was over 100 mg. 

This test was based on the paradoxical law of Allen,' who found 
that there was no limit of tolerance to glucose given by mouth to 
the normal animal. On the other hand, in diabetic animals there 
were real definite limits of tolerance. Rabinowitch® applied Allen’s 
law to diff’erentiate the glycosurias of diabetes and hyperthyroidism. 
He gave diets of constant protein and fat composition and increased 
the amount of carbohydrate daily by the administration of added 
glucose in small amounts at frequent intervals. The Exton-Rose 
test utilizes these results and the Hamman-Hirschman phenomenon,^ 
which is, that after successive doses of dextrose given by mouth, the 
level of each successive rise in the blood sugar curve is lower than 
the preceding one. The first peak is reached in about j liour, with 
a discrepancy in normals and diabetics; this discrepancy is greatly 
accentuated at 1 hour. Matthews, IMagath, and Berkson® sug- 
gested that the Exton-Rose test might be simplified by the omission 
of the fasting and the i-hour samples of blood sugar. Such simpli- 
fication would be highly desirable if the power of the test to diagnose 
and assess the progress of diabetes at a given time were not sacrificed. 
With a view toward determining the best single end point for a 
one-puncture tolerance test, the Exton-Rose procedure is here 
modified to compare 4 definite end points. 

Methods. The procedure was as follows: The patient took no food 
or instdin after his eveninp; meal. Water was allowed as desired. He aj)- 
peared at the clinic at S..30 to 9 a.m., having eaten nothing and drunk noth- 
ing except water or black cofTce. He lay down on a couch quietly for La to 
;10 minutes before the test was begun. The fasting blood sugar and_ urine 
were then taken. He was given 32.5 cc. of water containing cpctly 50 pn. 
of glucose flavored with 2 to 3 tablespnonfuls of lemon juice.* Thirty 
minutes after the glucose the bloo<l and urine were again taken and another 
.50 gm. of ghico-^e were given as above. Tliirty minutes after the sccoiul 
glucose the third, and after another 00 minutes the fourth, samples of blo'sl 

• Tlii« i-" apiiroximalcly a L'lCJ ."•lotinii. in wliifli l OMmitralion nnlin tr- 

ily aI>sorl)t-<I frnni the Ka-trr>-iiilp->tiiial trart. 
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and urine were taken. Qualitative and quantitative tests were done on 
the urine. M blood sugars were done by one technician with a few excep- 
tions.* This procedure differs from that of Matthews, Magath and 
Berksons only in that a fourth specimen of blood and of urine are examined. 

Classification of Material. The present series is composed of 
110 glucose tolerance tests done on 105 individuals. All except 
7 were on patients who were being followed in the outpatient 
endoerine clinic of the Stanford University Hospitals. All came 
from their homes to the clinic for the test. There were 32 non- 
diabetic individuals, 16 of whom were overweight by 30% or more, 
and 16 of whom were less than 30% overweight. There were also 
3 cases of renal glycosuria. The remainder of the patients had 
diabetes. The diabetes was classified as mild, moderate, severe, 
or extreme by one of the clinicians in the diabetic clinic (Drs. 
Cutting, Gray, or Robson). Mild diabetes was said to be present 
clinically if the patient remained free from glycosuria on a diet 
containing more than 140 gm. of carbohydrate; moderately severe 
diabetes was diagnosed when insulin was needed with such a diet; 
severe diabetes was considered present when more than 40 units 
of insulin was required in order that the patient on such a diet remain 
free from glycosuria. It may be stated that the clinical criteria 
were not rigid and depended a good deal on the judgment of the 
clinician making the evaluation. Such evaluations were generally 
made before the test was performed and in all cases were made 
without knowledge of the results- It is to be noted that this series 
was heavily weighted with individuals who were considered to be 
normal except for the presence of obesity. It has been part of our 
objective to determine the significance of the test in such individuals. 
A number of tests have been done on individuals with other diseases 
but were not included in the analysis of this series with the exception 
of 2 cases of hemachromatosis Avith severe diabetes. 

Blood Sugar Curves for Each Class. An arbitrary classification 
based on the 1-hour blood sugar level was established as follows: 

Sugar Classification 

Less than 158 Non-diabetics 

158-179 Doubtful diabetes 

180-260 Mild diabetes 

Over 260 . . . * Moderate to severe 

diabetes 

These criteria are modified from tliose of Matthews, Magatli 
and Berkson,^ who found that 95% of their patients with blood sugar 
levels less than 158 rag. per 100 cc. Avere designated in agreement 
Avith the clinical findings and tliat all of the patients Avith diabetes 
had 1-hour blood sugar Amlues oA'er 158 mg. 

From this classification Table 1 aayis derived. These data are 
presented graphically in Figure 1. Observation of this chart and 

* We arc indebted to Mrs. A’irpinia B. Pomeroy for the blood sugar determinations 
and to Mrs. Margaret Curtis and Mrs. Betty Saxe for valuable assistance-in the Clinic. 
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of Table 1 indicates a steady rise in the average values for ail 
points on the time curve as the degree of diabetes increases. The 
fasting values, however, do not differentiate among normal persons, 
persons with renal glycosuria and borderline diabetics; nor do the 
l-hour specimens, although the range in the latter group is wider 
than in the former. In the specimens taken at 1 hour, or ^ hour 
after the second dose of glucose, the differentiation among these 
various groups is clear-cut; in these specimens there is also a dif- 
ference between the so-called normal individuals who are over 
30% overweight and those who are less than 30% overweight. 


Table 1. — Average Blood Sogabs in Mg. per 100 Cc. for Each Classification 

OP Diabetes 

Fasting i hour I hour 2 hours 


CIas3 

No, of 
subjects 

M.* 

SE.t 

SD.J 

M. 

SF.. 

SD. 

M. 

SE. 

SD. 

M. 

SE. 

SD. 

Borderline to mild diabetes 6 

105 

3 

S 

160 

6 

15 

I9S 

9 

23 

14S 

12 

29 

Mild diabetes . , 

. . 34 

118 

4 

20 

189 

7 

40 

215 

6 

37 

177 

9 

.V) 

Moderate diabetes 

. . 17 

136 

9 

3S 

225 

12 

51 

296 

10 

42 

274 

21 

SO 

Severe diabetes . . 

. . 16 

192 

10 

3S 

286 

8 

32 

378 

9 

36 

414 

13 

52 

Extreme diabetes 
hemochromatosis) 

(with 
. . 2 

262 

45 

64 

345 

S3 

7S 

430 

46 

64 

4S3 

57 

SI 

All diabetes . . 

. . 73 

141 

5 

47 

220 

7 

61 

273 

9 

81 

255 

14 

IIS 


* Mean. 

t Standard cnor of the mean, 
i Standard deviation. 

The values of the specimens taken at 2 hours correspond in 
general with those taken at 1 hour. Among the normal patients 
and those with mild diabetes the 2-hour values show a lesser degree 
of accuracy than the 1-hour figures, with more overlapping of the 
normal and abnormal range. The 2-hour .specimen, however, serve.s 
to distinguish more accurately between the more severe grades of 
carbohydrate metaliolism. 

Compamon with Results at the Mayo Clinic. Work on the present 
report was begun after reading the paper of Matthews, IMagath 
and Berkson.® The criteria offered by them for tlie evaluation of 
the 2-dose test seemed sound to us. We have compared our resnJt.s 
with theirs as best we could, with the differences in clinical criteria 
in cfi'ect at the Mayo Clinic and at Stanford Medical School. 
Table 2 offers the best fit we can make between the two sets of 
clinical criteria. 

Figure 1 shows a comparison between our data and tlieir.s. It 
may be seen that there is a general parallelism between the two sets 
of curves in the diabetic patient material, which is closest in the 
1-hour specimen. The borderline cases have alino.st identical 
curve.s. The remainder of the chart suggests that the groups dc.sig- 
natofl mild, moderate, severe, and extreme with hcmachromatosis 
by us are less severe than Grades I, II, III, and IV re.spcctivciy of 
the !Mayo series, with the difference between them varying from 
S to 10%. As explanation for the lower position of our 4 remaining 
curves it seems likely that our patients, being ambulatory, were 
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tliroughout somewhat milder; furthermore, we picked a larger 
proportion of patients with supposedly mild diabetes in order to 
evaluate the diagnostic merit of the test. Finally, the diets actually 
taken by our patients contained more calories and carbohydrate 
than we prescribed, whereas their diets being prescribed in the 
hospital were in fact eaten as ordered. 


Table 2.— Compakison op Classifications Used in the Mayo Clinic and in 
THE Stanfokd Diabetic Clinic 


Mayo 

Normal 

Renal glycosuria 
Latent diabetes 

(Diagnosed by sugar tolerance tests 
only) 

Grade I 

(“Sugar-free on qualitatively re- 
stricted diet”) 

Grade 11 

(Not more than 200 gni. CHO) 
Grade III 

(Same plus 30 U insulin or less) 
Grade IV 

(Same plus 30 U insulin or more) 


Stanford 

Normal 

Renal glycosuria 
Borderline diabetes 


Mild 

(Sugar-free on diet containing 140 gm. 
CHO or more) 

Moderate 

(Same with 30 U insulin or less) 
Severe 

(Same with over 30 U insulin) 
Exti'eme with hemochromatosis 



TIME AFTER INITIAL DOSE OF 50 GM. GLUCOSE 
Fig, 1.— Average blood sugar curves of Stanford Series compared with Mayo Clinic. 

Ohmiy, An attempt has been made to ascertain the effect of 
obesity on the 2-dose sugar tolerance curve. In the clinical classi- 
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fication the obese patients Y'ere included among the normal cases. 
Those with obvious impairment of carbohydrate metabolism were 
placed among the diabetic patients in the arbitrary method of 
classification according to the blood sugar level described above; 
the greater number of persons so affected were among those more 
than 30% overweight. The results demonstrated in Table 3 indi- 
cate that obesity definitely impairs the ability of the individual to 
endure the strain of the double load imposed by the 2-dose test. 
This is statistically significant only in the 1-hour value. We ha\'e 
not attempted to correlate statistically this impairment of tolerance 
with the duration of the obesity but it is our impression that our 
results would be similar to those of Short,'” who did find this a sig- 
nificant factor. 

Table 3. — Average Blood Sugars ok Nok-diabetic P.^tiekts 


Fasting 5 ho'”' I liour 2 hours 

Xo. of ^ . . — ' — N . ^ 


Class- subjects 

M.* 

SE.t 

SD.5 

M. 

SE. 

SD. 

M. 

SE. 

SD. 

.M. 

SE. 

.SD. 

Henal plycosuria . . . 

3 

87 

9 

IG 

147 

9 

17 

129 

12 

21 

95 

10 

IS 

Normal and obese up to 

29% overweight . . 

16 

93 

o 

8 

H4 

6 

23 

126 

5 

20 

110 

3 

13 

Normal and obese 39% or 

worse 

16 

93 

2 

8 

149 

4 

16 

140 

6 

24 

119 

5 

18 

All non-<iiabetica . . , 

35 

93 

2 

9 

146 

3 

19 

132 

4 

23 

113 

3 

17 


• Moan. 

t Standard error of the mean, 
i Standard deviation. 

Table 4,— Average Blood Sugars if Classificatjoks Be Made Purely by 

Glycosuria 



Fu-sting 

\ hour 

1 hour 

2 hotirs 

1. Non-<iiabcties 

. . 94 

14G 

133 

114 

2. Borderline without clvco^uria .... 

. . 105 

103 

190 

141 

3. Borderline with 0.2.9% pluco^ in urine or 
Diabetes without glvcasuria tlurinp te-^t 

. . 12C 

201 

235 

22S 

4, O.l to 5 Km 

. . 120 

19.5 

235 

100 

.9. Over 5 to 10 gm 

. . 101 

243 

33.9 

334 

r». Over 10 to 15 gm 

. . 190 

290 

3G0 

308 

7, Over 15 gm 

222 

323 

304 

444 


Glycosuria. An attempt was made to classify this aggregate of 
individuals according to the amount of glucose e.xcreted during 
the course of the test. The results of this analysis, which are shown 
in Table 4 and Figure 2, demonstrate a remarkably close relation 
between the blood sugar values and the amount of glycosuria. 
The cases were fitted into 7 groups which are shown in the chart. 
There is a steady rise in the values for all points on the blood supr 
curve, while the best fit with any single point on the curve is with 
the values of the 1-hour specimen. Blood sugar specimens me 
nece.‘;sary to differentiate among the normal individuals, those with 
borderline diabetes and those with a high renal threshohl. -Vniong 
those who have glycosuria it may be said that a mild diabetic has 
0.1 to 5 grn. sugar in the urine, a diabetic of moderate degree .) to 
10 gin. and a severe diabetic over 10 gm. The apparent di.^crejiancy 
between Groups 3 aiul 4 is e.xplained by the Inclusion in the i lassi- 
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fication of “borderline diabetics” of certain obese individuals who 
never had had glycosuria but whose behavior during the test indi- 
cated their inability to metabolize carbohydrate. 

The Best Single Determination. Among the 4 specimens taken 
in this series, the fasting blood sugar is of relatively little use in 
diagnosis. Many of the mild and some of the more severe diabetics 
are within the normal range. There is a gradual increase in values 
as the diabetes becomes more severe but the average values for the 
mild diabetics are still within the normal range. The f-hour speci- 
men shows a gradual rise in the averages from the normal to the 



Fig. 2, — Average blood sugar curves obtained when classification is made solely on 

basis of glycosuria. 


severe diabetic but the range is not at all distinct and the overlap 
is extremely wide. It is too dependent upon such factors as dislike 
for the test dose, poor gastro-intestinal motility, poor or delayed 
absorption, and previous diet. 

Tlie l-liour values show a much better range and better cor- 

vespondence in the determination of diabetes. We agree vith 

Matthews ct al. that the criteria used by Exton and Rose^ and those 

of Gould, Altshuler and Mellen® are less accurate than the use of 

the single hour value as an indication of the presence of normal or 

abnormal sugar tolerance. In addition, these criteria are distinctlv 

%/ 
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more cumbersome and thus offer other difficulties to the widespread 
use of the test as a replacement for the single dose type. There is a 
steady increase in the values of the 1 -hour determination as the 
diabetes grows more severe and the overlapping of the figures is 
not nearly so marked. As the diabetes becomes worse, however, 
there is much more of a jump. On the basis of these figures alone, 
one cannot distinguish so well the grade of severity of the diabetes. 

For this purpose the 2-hour specimen seems to have a very 
definite value. It may be noticed that the average curves show 
an increasingly steep climb from fasting to 1 hour in the normal and 
in the mild diabetic. In the moderate to severe diabetic this steep 
curve continues to rise steeply whereas in the milder ones it tends 
to return to the lower levels. The 2 -hour specimen is less valuable 
than the 1 -hour in the diagnosis between normal and mild diabetic, 
but more so in the differentiation of the se'-erity of the diabetes. 
The entire curve obviously’’ gives the most complete evaluation of 
the ability to metabolize carbohydrate and is worth the trouble of 
the additional specimen. If economj'^ is an object, as is so often 
the case in practice, the present paper warrants eliminating the 
fasting and 5 -hour specimens since the 1 - and 2 -hour samples tell 
most of the story. 

Comment. The beha^dor of the blood sugar after split doses of 
glucose is probably the best single criterion of the presence or 
severity of diabetes in an individual. However, in our series there 
were several individuals who had no history of diabetes, no gly- 
cosuria or other symptoms or signs, but who had a type of curve 
which was suggestively or definitely diabetic. Some of these 
individuals have had and others have not had any symptoms to 
date. There were also diabetic individuals who had an apparently 
mild diabetes, who had shown no glycosuria and no symptoms over 
a period of months or years on a moderately restricted, or in 2 cases 
on an unrestricted diet, whose glucose tolerance curves rose to 
extremely high levels at 1 and at 2 hours and who had moderate 
to very marked glycosuria. 

This apparent discrepancy between the clinical evaluation of 
the state of the diabetes and the results of the test suggests that 
there is a difference between the adequate control of the diaijetic 
and the ability of the pancreas to furnish sufficient insulin in a given 
period of time, or of the liver to utilize sufficient glucose in the 
synthesis of glycogen. To our way of thinking this does not detract 
from the value of the test. 

Summary (Part 1). 1. The carbohydrate metabolism of non- 

diabetic and diabetic individuals has been e.\'amined by means of 
the 2 -dose glucose tolerance test. 

2. A classification of these individuals has been drawn up. 

3 . Tables and curves are shown for the averages in eacfi group 
of cases. 
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4. The results of this series show a reasonable parallelism to 
those obtained by Matthews, Magath and Berkson. 

5. Obesity impairs the ability of the individual to endure the 
strain of the double load imposed by the 2-dose test. 

6. There is a close relation between the values of the. blood 
sugar and the amount of glycosuria. 

7. The 1-hour blood sugar value is the best single determination 
in the diagnosis of the existence of diabetes. 

8. The 2-hour blood sugar value offers a means of differentiating 
the severer classes of diabetics. 

Part 2 

During the course of the study on the 2-dose glucose tolerance 
test it became apparent that it would be necessary to study the 
effect of varying diets. The procedure followed was the same as 
that outlined in the preceding Part 1. Five individuals were 
selected for this study. One was a nurse in the hospital whose 
diet was accurately determined by the hospital dietitian; a second 
was a clerk working in the diabetic clinic but eating at home; and 
the remaining were intelligent and reliable patients whose state- 
ments about the content of their diets were as accurate as is pos- 
sible in a hospital out-patient department. All diets were outlined 
by us and worked out in detail by Miss Louise Esch, head of the 
dietetics division of the Stanford University Hospitals. Each diet 
was followed for a period of 2 weeks before the differentiating sugar 
tolerance tests were performed. The diets were rechecked at this 
time. In general, then, the tests represent successive 2-week 
periods. 

Table 5.— Test Diets and Curves on Case 1 ; Arranged in Order of Increasing 

Carbohydrate Content; in Curves 2 and 3 It Was Essentially Identical, 
While the Fat Content Was Increased 


Diet 

CHO 

Prot. 

Fat 

Cal. 

Fast. 

\ hr. 

1 lir. 

2 hr. 

1 . . 

55 

72 

206 

2360 

99 

118 

155 

139 

2 

. 269 

88 

129 

2589 

93 

123 

133 

119 

3 . ! 

. 248 

87 

220 

3320 

85 

111 

112 

97 

4 . , 

, . 499 

SO 

29 

2577 

82 

84 

56 

75 


Case Studies and Results. Case 1. "Naturally thin” normal, a 26- 
year-old single nurse who had been undenveight all her life in spite of 
repeated efforts to gain. Her weight varied from 99 to 103 pounds. She 
had no other complaints. She was placed on 4 different diets, each differing 
from the others in at least one respect, as is shown in Figure 3 and in 
Table 5, together with the results of the glucose tolerance tests made at the 
end of the fortnight on each of these various dietary regimes. 

The results in this one case seemed sufficiently clear-cut, although they 
would have been even more orderly if the positions of the two middle curY^es 
were transposed: As the dietarj’- carboh 3 ’-drate was increased the sugar 
tolerance cun^e became flatter; the results of the two middle curves sug- 
gested that the absolute amount of dietar 3 ^ fat did not influence the toler- 
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Case 2. Moderate obesity; a 28-year-old houseA\'ii'e whose chief com- 
plaint was an alleged gain of 27 pounds in 3 months, to 166 pounds. The 
basal metabolic rate was —16%. During consecutive 2-week periods she 
was placed on 5 consecutive diets which are shovm in Figure 4 and Table 6, 
together with the results of the glucose tolerance tests made at the end of 
each of these dietarj’^ regimes. The weight varied a total of only 4 pounds. 



TIME IN HOURS AFTER INITIAL DOSE OF GLUCOSE 
Fig. 3. — Blood sugar cun-cs on Case 1. 


In terms of the 2-dose test let us examine the levels at I hour, 
which is the level of greatest diagnostic import: The two worst 
curves were those in wliich the carbohydrate intake was 153 and 
156 gm. The other 3 diets yielded results which were practically 
identical although the carbohydrate intake varied from 21 to 
302 gm. Since the results were so thoroughly mi.ved, the necessary 
conclusion is that in some individuals, at least, the preceding diet 
docs not have as much influence on the sugar tolerance curve as 
other factors in the individual, as yet unknown. 

Incidentally, if one examines only the .1-hour specimen, it tuny 
be seen tliat the blood sugar became lower as the carbohydrate 
content was increased. This has been previously .shown to be 
true for the conventional 1-do.sc gluco.se tolerance test.' “ Hu' 
inference as to the lack of dei)endency of the 2-<Iose test on the fhet 
is distinctlv different from the customary views with regard to 
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1-dose tests and therefore may appear paradoxical and confusing. 
On the contrary, the inference supports the hypothesis of superiority 
for the 2-dose test, since it can be used and interpreted when the 
prior diet is unknown, as is often the case, thus escaping a severe 
limitation of the single dose test. 


Table 6.— Test Diets and Curves on Case 2; Arranged in Order of Increasing 

Carbohydrate Content 


Diet 

CHO 

Prot. 

Fot 

1 . 

. . 21 

58 

72 

2 . 

. . 21 

62 

143 

3 . 

. . 153 

66 

9 

4 . 

. . 156 

75 

78 

5 . 

. . 302 

79 

10 


Cal. 

Fast. 

i hr. 

] hr. 

2 hr. 

962 

96 

131 

91 

100 

1619 

94 

139 

89 

103 

957 

100 

130 

111 

104 

1026 

88 

130 

107 

88 

1614 

93 

125 

89 

83 



TIME IN HOURS AFTER INITIAL DOSE OF GLUCOSE 
Fig. 4. — Blood sugar cur^'es on Case 2. 

Case 3. Borderline diabetes; a 58-year-old barber who also had received 
2 years’ treatment for sj^philis and had arteriosclerotic heart disease vdth 
auricular fibrillation. Glycosuria was discovered in April, 1939, and had 
^oenjound off and on in the ensuing year. The weight varied from 164 
to 177 pounds. He was put on the same set of diets as sho\ra for the 
preceding j^tient in Table G; the resulting cur\ms are shovm in Figure 5 
Table 7. Like the last case the results are without significant order 
and force the same inference, namely, that within fairly wide variations 
in carbohydrate and fat intake the results of the two-dose test are inter- 
pretable without the necessity of considering the prior diet. 
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Table 7.— Blood Sugar Curves on Case 3; the Diets Were the Same as Those 

IN Case 2 


Diet Fast. } hr. 1 hr. 2 hr. 

1 95 140 157 121 

2 92 100 160 125 

3 104 132 IS3 134 

4 96 146 164 127 

5 87 148 169 146 



Fig. 5. — Blood siifiar curves on Case 3. 


Table S. — Test Diets and Curves on Case 4; .-Viiranced in Order of I.vcreasing 
Carboiivdr.ste Conte.vt 


Diet 

CHO 

Trot. 

Fat 

Cal. 

Fa"*!. 

1 hr. 

1 lir. 

2 hr. 

1 . 

. IS 

55 

50 

742 

136 

200 

200 

140 

o 

27 

00 

SI 

1077 

127 

200 

222 

19S 

:{ , 

. 1S2 

70 

7 

671 

129 

179 

174 

105 


Cask 4. Marked obe.sity, no glycosuria; a 52-year-oId housewife whose 
complaint wa.s obesity of marked degree dating from the menopau.se; .she 
liad been unable to reduce her weight on a diet of .suiipo-sedh’ 1000 calories 
daily. After in.stniction in liolding her diet to the level specified, she was 
jilaced succes.sively on 3 set.s of low calorie diets, with the result.s shown in 
Figure 0 and in Table S. Desfiite tlie incre.ased care there was no loss of 
weight. All 3 curves are abnonnally high, but the best of the 3 is the one 
before which there w.as a liberal carbohydrate intake (incidentally, dis- 
proportion.ally low in fat). The fact that after the 27-gm. carbohydrate 
intake the cu'iwe is higher than after the 18 must be attributed to the van- 
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ability of the individual, inasmuch as the two diets are sensibly identical 
in both carbohydrate intake and carbohydrate-fat ratio. Again may 
be emphasized that the absolute amount of fat in the diet does not influence 
the blood sugar curve. 



Case 5. Mild obesity; a 26-year-old married female clerk whose obesity 
was mild and who also had asthma and recurrent herpes simplex. The 
weight was 137. She was placed on a series of low calorie diets with results 
outlined in Figure 7 and Table 9. There was moderate loss of weight. 

Table 9.— Test Diets and Curves on Case 5; Arranged in Order of Increasing 

Carbohydrate Content 


CHO 

ProU 

Fat 

Cal. 

Fast. 

i hr. 

1 hr. 

2 hr. 

25 

GO 

80 

1060 

78 

150 

121 

84 

30 



Low 

89 

137 

93 

92 

180 

56 

7 

907 

93 

134 

93 

101 


It is to be noted that Diets 1 and 3 were nearly equal in total 
calories and in protein content, but were completely opposite with 
regard to the ratio of carbohydrate' to fat, while Diets 2 and 3 w^ere 
almost identical, whereas that resulting after Diet 1 showed a higher 
curve than either. All three curves indicate normal carbohydrate 
utilization, again independent of marked fluctuation in the test 
diets, once more supporting the thesis that superiority lies with 
the 2-dose load. 
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Comment. Carbohydrate Content and Human Variation. Tlie 
expectation that decreases in the carbohydrate intake progressively 
damage the blood sugar curve in the 2-dose glucose tolerance test 
is supported only by Case 1. The results obtained in the other 
4 patients, with a variation in the carbohydrate intake from IS to 
302 gm., suggest a lack of dependency on the diet, and serve to 
emphasize the importance of considering the extent of human 
variability. All of the curves in all of the patients except Case 4 
lie within the zone of two standard deviations plus or minus from 
the means of the 35 normal cases examined by us previously. 



TIME IN HOURS AFTER INITIAL DOSE OF GLUCOSE 
Fig. 7. — Blood siicnr curves on C.'ise 5. 

This amount of variation indicates that many of the results com- 
monly considered statistically significant may have l)een due to 
chance. 

Superiority of the 2-dosc Tc.-it. Sweeney, Muirheafl and Alhlay'- 
placed groups of 2 to 6 normal young adults on diets comimsed 
exclusively of one or another of the fliffcrcnt footlstuffs for -18 hours 
(i. c., 2 days and not 2 weeks as in our studies) preceding the 2-dosc 
test. They found that such abnormal antecedent diets distort 
2 -tlo 5 e curves less than the sirigle-rlose test, and that the distortion 
is relatively less at the end of 2 hours. Their findings arc extended 
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by the results obtained in our patients. It is noteworthy that in 
4 out of 5 of our cases the level of the ^-hour blood sugar decreased 
progressively with the increase in the dietary carbohydrate and 
that in the 5th case the points were around the same level. This 
|-hour specimen may be regarded as an index of the 1-dose load. 

Uniform Antecedent Diet. Conn^ has emphasized the importance 
of a diet of uniform composition before any tolerance test is per- 
formed. The diets given to our patients were followed for a period 
of 2 weeks so that the question of duration of the preceding diet 
cannot be raised. It is freely admitted that the composition of 
the food ingested may not have been exactly that which was pre- 
scribed but we believe that the actual diet was closer to that pre- 
scribed than is ordinarily the case. The important fact from the 
practical point of view is that within the limits of the average free 
diet the amount of carbohydrate ingested does not significantly 
alter the interpretation dependent on a glucose tolerance curve in 
the 2-dose test. The dietary factor may become important when 
the patient is on certain special diets. 

The significance of the differences in the responses of the single- 
dose and double-dose tests after variations in the preceding diet 
derive from the phenomenon that the first dose of glucose acts 
rapidly to produce the same desideratum as a uniform antecedent 
diet, namely a constant balance preceding the second dose. Physio- 
logically, it seems likely that this uniform procedure results in 
packing the liver with glycogen which becomes quicklj'^ available 
for breakdown into glucose, and perhaps causes production of insulin 
at a more constant rate. 

Conclusion.* The 2-dose glucose tolerance test is relatively free 
from the influence of fairly marked changes in the composition of 
the preceding diet. It is thus free from the confusion associated 
with the single-dose glucose tolerance test and is therefore superior 
Avhen the antecedent diet is not known, as is usually the case. 
These differences in the two types of tests are dependent on the 
fact that the first dose of glucose acts as a constant balancing 
portion of the diet preceding the second dose. 
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It has recentlj' been demonstrated that in normal individuals the 
ingestion of glucose is followed by a rise in blood pyruvate.- This 
elevation almost invariably reaches a maximum at the end of 1 hour 
(Fig. 1) and returns to the normal fasting range within 3 hours. 
In conditions associated with thiamine deficiency, the fasting blood 
pyruvate is elevated^ '’ ®''-® and the pyruvate curve following gliico.se 
ingestion is abnormalh' elevated and prolonged- (Fig. 2). 

The present study was undertaken in order to determine the blood 
pyruvate curve following glucose ingestion in patients with diahete.s 
mcllitus. 

Materials and Methods. Eleven observ’ations were made on 10 mod- 
erately severe diabetic.s (requiring 30 to 52 units of insulin a day). The 
ages ranged from 9 to 82 years. The patients were free of comfilications 
e.\cept that 2 of the older patients had cerebral arteriosclerosis (A.F., 
Fig. 3, and R.F., Fig. 0) and 1 patient had peripheral neuropathy (G.A. 
Fig. 5). Insulin was withheld for 24 to 48 hours prior to the test. GlucO'C 
and p\TUvic acid were determined in the lilood with the patient under b.asal 
conditions. Immediately follow’ng this, 1.75 gm. of glucose per kilo of 
body weight were given by mouth as a 25'^r solution in tea. Blood .speci- 
mens were taken at 30 to GO minute inteiwals over a pcriofl of 7 hours, the 
subject remaining at rest in bed. At varr-ing time intervals after gluco=e 
inge.sfion cr>-stalline insulin was injected. Glucose and pj-ruvic acid were 
detennined by mcthod.s previously used.- 

* This work wns nided by n crimt from an anonymous donor for Rcscaroli in 
Pyj-ch 050 mntic Moilicinc. the John and Mary R. Mnrklo Foundation and tin- Vn- 
Ijams-tVatcrman Fund of tlic Rc.scarcli Corporation. 
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Blood Glucose (dotted line) and Pyruvic Acid (solid line) Curves 
Following Glucose Ingestion (1.75 Gm. per Kilo). 
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Fig. 1. — Average of 27 normal subjects. 
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Fig. 2. — Average of 13 subjects with associated thiamine deficiency. 
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0 12 3 4 5 6 

Hours cvftcT (glucose 

Fig. 3 

Figs. 3 fo 12. — Patients with diabetes mcllitus. The arrow indicates the point 
at which insulin was administered. 7 A and 7B are the results of experiments on the 
same patient. The e.xperiment indicated in 7B (insulin given simultaneously witli 
the glucose at the start of the e.xperiment) was conducted 1 week after the initi.'il 
experiment. 
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Results.— As will be noted in the figures (3 to 12) there is little or 
no rise in blood pyruvate following glucose ingestion in patients with 
diabetes mellitus. The largest increases in pyruvate after glucose 
ingestion were observed in case G.A. (Fig. 5) requiring 30 units of 
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Fig. 5 
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Fig. G 
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insulin a day and having an associated peripheral neuropathy, and 
in case A.F. (Fig. 3) requiring 30 units of insulin daily. In every 
case of diabetes mellitus the rise in blood pjTUvate following glucose 
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ingestion was smaller, and if an increase took place at all it had the 
tendency to occur later than in normal human subjects (Tig. 1). 

Following the injection of insulin the blood pyruvate was sig- 
nificantly elevated in each case. This was true whether the insulin 
was given intramuscularly or intravenously. 
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These results suggest that the formation of pyruvie acid following 
glucose ingestion is increased by insulin. This received additional 
confirmation in a series of experiments on depancreatized dogs.^ In 
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these animals the intravenous injection of glucose was not followed 
by any rise in blood pyruvate unless insulin was supplied to the 
animal. In normal dogs, on the other hand, the injection of the 
same amount of glucose was followed by a significant rise in blood 
pyruvic acid. In addition, the rate of removal of intravenously 
injected pyruvic acid is the same in the normal and the depancrea- 
tized dog.^-® This suggests that insulin increases the formation of 
pyruvic acid after glucose administration, and has little or no effect 
on the rate of removal of this substance. 

Previous work has shown that thiamine pyrophosphate is impor- 
tant in the removal of pyruvic acid, and the present study indicates 
that insulin is of importance in the formation of pyruvic acid follow- 
ing glucose administration. 



Hours after glucose 
Fig. 12 

Summary, In diabetes mellitus there is little or no increase in 
blood pyruvate following the ingestion of glucose. If insulin is then 
administered, a significant rise in blood pyruvic acid occurs. 
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THE ROLE OF PHYSICAL THERAPY IN THE REHABILITATION 
OF DISABLED SOLDIERS 

By Ralph Pemberton, M.D.* 

PBOFESSOR OF MEDICINE, GBADOATE SCHOOL OF MEDICINE, 

UNIVERSITY OF FENNSYLVANIA 
PHILADELPHIA, PA. 

The war has brought into relief many phases of medicine and 
surgery which, in turn, must be brouglit to a sharper focus to meet 
the exigencies of the moment. In many preidous wars the number 
of soldiers invalidated b}' disease has exceeded those invalidated 
by missiles, and sometimes this disparity has been very great. 
World War I was indeed the first in which U. S. forces were engaged 
in which battle deaths exceeded deaths from disease: 

Deaths Per 1000 Tkoops Per Year 



Disease 

Battle 

Mexican War 

... no 

15 

Ci\dl War (North) .... 

... 65 

33 

Spanish-American War . 

... 20 

5 

World War 

... 19 

53 


Bfodern warfare ini-ob'es greatly increased incidence of trauma 
not only in the armed forces but also in the ci\dlian population. 

In general, casualties from disease begin earlier than do those 
from combat. Again, in general, the measures necessary to efficient 
therapy of the sick and of the wounded, re.spectively, differ rather 
sharply and do not greatly overlap e.xcept when complications occur. 

There is, however, one field of treatment in war medicine which 
has wide application to both the wounded and the medically ill to 
an extent hardly shared by any other significant group of measures; 
namely, Physical Therapjx 

This truth is appreciated by few of the profession, though many 
as army and naval officers, will see it e.xemplified. Much will de- 
pend, in terras of soldiers and sailors invalided by trauma or disease, 
on the understanding which medical officers possess or may acquire 
of the principles involved. 

It is commonly accepted that in civil life, employment of the 
beneficent influences of physical therapy has lagged far heliind 
such understanding and utilization of them as are available. Many 
large industrial concerns, however, have for some yeans accorded 
to their employees every facility within the realm of pliy.siciil 
therapy, with the aim of reducing the period of invalidi.sin and re- 
turning the patient to productive employment at the carlie.st 
moment. Industrial medicine prc.sents overwhelming data as to the 
success of this policy. 

• Read By invitation tiefore tiie Genera! Fcieiilifie of t!ie .Ameriraa 

Mcdic.al .ArMei.ation at .\tl.antic City. June 11, l'.M2. 
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What is the situation, however, in respect to that huge body 
of citizen soldiery, amounting eventually to perhaps 8 or 9 millions, 
which will constitute the armed forces of this country?^ To the great 
credit of the regular army, appreciation by it of the importance of 
physical therapy antedated World War I, and, by the same token, 
provision has now been made for equipment and trained personnel 
in the present crisis. The emphasis upon physical therapy in 1917- 
1919 afforded, indeed, the first significant introduction of the subject 
to the minds of the majority of medical officers. Fuller use of this 
field could have been made in those years had the members of the 
medical profession, inducted from civil life, been schooled to profit 
by the opportunity. 

Orthopedic surgeons and, possibly, neuropsychiatrists, constitute 
in civil life the medical groups most cognizant of the irreplaceable 
nature of physical therapy in the fields of their specialties. The 
importance of the subject far exceeds those boundaries, however. 
Piersob® pointed out before the Section on Medicine of this Con- 
vention a year ago the wide value of physical therapy to internal 
medicine in particular, as well as the relative unfamiliarity of most 
internists with it. Other groups in medicine have been strangely 
indifferent to the influences and results obtainable. 

It seems relatively easy for those whose attention is turned 
for the first time to physical therapy to appreciate that the applica- 
tion of heat and massage to a fractured limb or articulation may 
have useful consequences. It seems more difficult, or at least more 
unusual, for such persons to realize that the same influences may 
have comparable value to dysfunctioning protoplasm in general, 
whatever the particular “solution of continuity” involved. Im- 
portance attaches, therefore, to directing attention, briefly, to some 
of the basic effects obtainable through physical therapy, to the end 
that the wide applicability of this field to a great variety of con- 
ditions may be more readily apparent. 

Within the limits of the present contribution no full exposition 
can be made of the field as a whole, the conditions amenable to 
treatment or the techniques involved. These are available in great 
detail in several admirable treatises.^’®-®’^®'^^ 

The central agencies of physical therapy consist of the quartet of 
heat, massage, rest and exercise. With the exception of radiation in 
the nature of Roentgen ray or from radium, little or nothing has 
been added, i. c., new in principle, since the days of Hippocrates, 
though facility of application and improved techniques have made 
great strides. The above apparently simple quartet of measures 
may potentially influence nearly all bodily processes, directly or 
indirectly, and can be given either systemic or local application. 
It is vitally necessary for those whose function it will be to order or 
direct these agencies to know something of the mechanisms of opera- 
tion concerned. The use of heat, for example, cannot be intelli- 
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gently applied without knowledge of what it accomplishes and the 
limitations involved. 

The agreeable influence of heat upon an injured part is common 
knowledge and there is evidence, even to the layman, of hyperemia, 
characterized by redness. Heat from heated objects like bricks or 
hot water bags, may not be deeply penetrating. Heat can be made 
penetrating, liowever, by tlie use of modern techniques, sucli as 
diathermy. IWatever the source of the heat, capillary vessels are 
dilated and recent studies by Clark,® utilizing a window in the 
rabbit’s ear, have shown that an extraordinary increase in circula- 
tion may be developed, accompanied at certain stages by sticking 
of leukocytes to the vessel walls and eventual diapedesis into neigh- 
boring tissue. This observation is of great importance because it 
reveals the actual passage of particulate matter across the capillary 
wall. In the case of leukocytes this implies, by definition, phago- 
cytosis and other influences which they exercise in the fixed tissues. 
It also implies, however, influences of a metabolic nature involving 
the basic physiologic processes of the parts concerned. 

Sj'stemic exposure to heat is shortl}" accompanied by a rise in 
body temperature, accompanied in turn by an increase in the heart 
rate of about 10 beats for each degree of fever. This rise in cardiac 
rate is accompanied by peripheral vasodilatation. There takes place 
a great increase in the rate of circulation throughout the bodj’ as a 
whole and many tissues share something of the influence following 
exposure of a part locally, the net result of which is an increase 
in total metabolic activity. Sweating is induced as a means of 
combating the rising temperature. Hyperventilation also develops, 
resulting in further loss of heat by evaporation. Coincidentally, 
there is a loss of carbon dioxide through the lungs, sweat and urine, 
though probably few medical men realize that the skin and kidney.s 
also provide for removal of this end product. The net result of the 
loss of carbon dioxide through the lungs, sweat and urine, is a rela- 
tive alkalosis of the blood and fi.xed tissues. This alkalosis consti- 
tutes a limiting factor in the e.xtent to which e.xposnre to heat can 
be pushed, since tetany may develop. This is one of many possil>le 
consequences occurring during the induction of artificial fever or 
hyperpj'rexia. This last-mentioned form of therapy is of j)royen 
value in such conditions as gonorrhea, undulaiH fever, syphilis, 
and certain other conditions but is limited to institutional use. 
The gentler uses of heat, cither local or systemic, short of this 
extreme form of application, have far wider e.xemf)lification, c.sj)eci- 
ally under conditions of warfare, and offer fewer dangers. In both 
the local and sy.stemic use of Jicat the lymph channels arc alFectcd 
and the lymph flow is accelerated. 

It must be apparent that any mca.sures c-vercising such reparatory 
responses as heightenofi blood and lymph flow, phagocyto.sis anu 
increased metabolism must influence a wide variety of pathologic 



PEMBERTON: PHYSICAL THERAPY OF DISABLED SOLDIERS 849 

conditions, ranging from trauma and infection to many disease 
states at large. 

The use of heat locally, and sometimes systemically, paves the 
way for the second of the quartet of measures constituting the 
main field of physical therapy; namely, massage. There should be 
pointed out the fact, ordinarily lost sight of, that about 25% of 
the blood of the body is in the capillarj'^ beds. Many of these 
beds are near the surface or at the periphery and, directly or in- 
directly, are available to phj'^sical influences. Curiously enough, 
the profession has had some anatomic but apparently very slight 
physiologic acquaintance with the capillary beds of the body. 
It is, however, only in and through these systems that the vital 
processes of living take place. The larger vessels of the body serve 
no purpose other than affording passage of the blood to those capil- 
lary regions at which its functions of oxidation and nutrition can be 
exercised. The capillaries and arterioles respond to both nervous 
and physical stimuli and the ordinary phenomenon of blushing 
illustrates the intimate connection between the capillary beds andl 
the sympathetic nervous system. By the same token, drawing the 
finger nail across any skin surface is accompanied by a narrow line 
of blanching, followed by redness, which illustrates a combination 
of physical and nervous influences upon the underlying vessels. 
That this, influence is susceptible of valuable directional application 
on a larger scale has failed of adequate recognition. Study of the 
rabbit’s ear^ has shown that light stroking of capillary beds induces 
changes, somewhat comparable to those following heat, in the caliber 
of the capillary vessels, the rate of blood flow through them and 
other phenomena such as migration of leukocytes. The extent and 
duration of these changes depend upon the vigor of application 
of the stimulus. Stroking is, in part, a light variant of that “laying 
on of hands” which constitutes the practice of massage, and in the 
full use of massage it is evident that muscle tissue and even certain 
organs can almost be seized as a whole. Some cellular and acinous 
contents of certain organs can be expressed or changed in respect to 
their distribution. 

Massage seems to partake somewhat of the nature of exercise 
and is often regarded as a substitute for it. It is not a substitute, 
however, and there is none. There are certain advantages in this 
from the fact that, in contrast to exercise, there is no production 
of lactic acid following massage such as accompanies the voluntary 
^ use of muscle. Neither is there any production of alkalosis such as 
follows exposure to heat. Massage is thus devoid of either of these 
consequences even though administration of it be prolonged and 
severe. Advantage is taken of this fact by trainers of athletes and 
even horses in that recovery from severe exercise may be definitely 
expedited by the .skillful use of massage. 

By the same token e.xtravasations of blood or debris into tissue 
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from trauma can be removed much more rapidly than would other- 
wise occur. This influence is inadequatelj" utilized and has also 
application to a wide range of medical conditions characterized 
by metabolic or other kinds of detritus. This is conspicuously true 
of conditions accompanied by an excess of tissue fluids. The pitting 
which develops under pressure of the finger on the pretibial regions 
in cardiac decompensation is an example of displacement of fluid 
which can be taken advantage of, when applied systemically over a 
large area, to restore fluid toward the vascular channels through 
which alone it can be removed. 

Finally, there is an influence of massage upon the peripheral 
blood count which has had scant recognition, and is easily demon- 
strated by a stick of the finger. Following general massage the 
blood count may be significantly higher. j\fany capillaries are 
normally closed and red cells in stagnant, inactive regions may be 
returned to the general circulation under the stimulus of massage. 
A slight rise in the oxygen content of the blood can be demonstrated 
at the same time and there often takes place a definite diuresis.- 
The influence of one e.xhibition of massage upon the red cell count is 
ephemeral and small, but the cumulative effect of repeated induction 
probably accounts for some of the striking benefits inlierent in a 
sustained course of massage. These influences obtain even in the 
presence of anemia,” and it is probable that this important relation- 
ship has not yet been fully e.xploited. 

There are undoubted limitations to the use of massage in anemic 
or edematous states, but extensive use of it in the syndrome of 
arthritis has thoroughly demonstrated that, properly given, it can 
be exliibited with entire safety and conspicuous benefit in these 
directions. 

From what has preceded, it is axiomatic that heat and massage, 
should have value in the treatment of trauma. Trauma induces 
cellular death Avith variable damage to capillaries and lymphatics. 
If hemorrhage into tissue occurs there arises irritation from broken- 
down blood constituents. With increased tension from swelling, 
interference Avith the finer circulation occurs AA’hich may go on to 
complete block and tissue death from this cause, A fibrous netAvork 
is formed A\-hich can be digested and carried off so long as it is fibrin. 
Within a fcAV hours, hoAvever, fibroblasts begin to groAV and newly 
formed connective tissue leads to thickening and loss of elasticity. 
KlcA'ation of the part, gentle .stroking, sedative massage, ajid low 
heat for prolonged periods may be \'ery A’ahiable in a\'oiding early _ 
organization. .All of the.se influences must be considered quaiiti- 
tatiA'cly as aa'cH as qualitati\-ely. Intense heat, massage causing 
pain, exercise causing distress, AA'ill only intensify local stasis.'- 

Alany powerful therapeutic agencies are tA\'o-edgcfl swords and 
cut both waA’s. This is particularly true of massage. It may be 
to direct blood to tissues greatly nccrling it. Improper use of it may 
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draw blood away from regions greatly needing it and so lead to 
fatigue and depletion. The statement can be confidently made, 
however, that any far-flung system of therapy directed at large 
numbers of soldiers and civilians which pays no heed to the role of 
the peripheral capillary beds in such conditions as arise out of 
warfare falls far short of the best theory and practice of medicine. 

Attention should be turned briefly to that member of the quartet 
constituting physical therapy coming under the head of exercise. 
As already mentioned, exercise, either local or systemic, is eventually 
accompanied by an acidosis due to the production of lactic acid by 
the contracting muscles. In contrast to the influence of massage, 
exercise affords the only means of developing muscle although it is 
true that massage will add greatly to the tone and firmness of muscle. 
During exercise the heart rate is accelerated, the circulation of the 
blood is increased, sweating may be induced and some of the 
phenomena in the capillary beds discussed under heat and massage 
may be brought about. The availability of these influences to the 
sick and wounded from active exercise is of course negligible. 
There usually comes a time in the use of massage upon the loco- 
motor system, however, at which voluntary exercise becomes neces-' 
sary in order to carry to a further point the reparatory processes 
inaugurated. One phase of exercise coming to be known as “postural 
exercise” requires mention. This involves deep breathing, achieve- 
ment and maintenance of better posture and even the assumption 
of proper or “hyper-physiologic” postures in recumbency. These 
measures go far to compensate for loss of bodily activity and have 
great value for persons confined to bed or a sedentary life. The 
several series of measures under discussion can obviously be co- 
ordinated, and also tie in closely with the topic next to be discussed, 
namely, rest. 

Rest is as important in the exhibition of physical therapy as in 
the treatment of cardiovascular conditions or pneumonia, but rest 
is not the simple negation of activity popularly connoted by the 
term. The resting phase of muscular activity is an integral part of 
muscular activity. Only trainers appreciate this relationship in its 
entirety. Systemic rest accomplishes specific purposes which no 
other measures can bring about and should be so carried out as to 
promote these ends. Rest in recumbency has the following con- 
sequences : 1 , The avoidance of excessive blood flow to active areas 
permits of dilatation of capillaries elsewhere and the determination 
of blood to such regions; 2, this promotes even distribution of blood 
throughout tlie capillary beds; 3, the warmth of the bedclothes may 
furtlier open up peripheral capillary beds; 4, these influences permit 
passage of tissue fluids into the vascular channels; 5, rest permits 
relaxation of the ner\mus system by releasing it from the maintenance 
of muscular tone; 6, allows ptosed and dysfunctioning organs to 
assume normal positions and functions; 7, reduces the metabolic 
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load because the lowered energy outgo permits a lowered energy 
intake; 8, permits replacement of the metabolic deficiencies and 
removal of the surfeits constituting fatigue; 9, by removal of static 
strains, rest permits subsidence of inflammatorj'- processes and 
enables the process of repair to succeed. 

These influences of rest underlie in principle reparative processes 
in all tissues and are not to be regarded as limited to any one con- 
dition. It would be well if the various components of rest could he 
prescribed separately for the specific purposes which the}’’ achieve 
rather than under a blanket prescription such as the terra usualh' 
connotes. In the complicated syndrome of the arthritides, specifi- 
cally directed rest may have brilliant exemplification and much has 
been learned by refined study of it in these states. 

Time has been taken to stress the apparently simple but basic 
aspects of physical therapy, because the field as a whole has often 
been regarded “mechanistically” and has been associated in the 
mind of practitioners with apparatus of many kinds. Furthermore, 
there also exists the impression that such measures have applieation 
to a few conditions only, whereas the truth is that the physiologic 
influences discussed, whether achieved by Nature alone or with 
assistance, underlie rectification of dysfunction in almost the whole 
of medicine and much of surgery. 

As remarked earlier, it would be impracticable to include here 
enumeration of tlie traumatic and surgical accidents in whicli 
physical therapy is chiefly of value. Suffice it that these are almost 
legion and that rehabilitation of various types of orthopedic cases 
bulks large in this field. According to ICrusen,® “The surgical 
lesions most amenable to treatment by physical therapy under 
conditions of warfare fall into two general categories: (1) trauma 
of bones and joints, including fractures, dislocations, stiff' joints, 
bone grafts and traumatic arthritis, and (2) trauma of soft tissues, 
including scars (especiall}' of amputation stumps), contusions and 
lacerations of muscles and tendons, postural strains (particularly 
backache and flat foot), paralysis and tendon transplantations.” 
Goldthwait^ has well said. “An operation upon a bone or joint may 
he technically most perfect, l)ut unless measures having to do with 
restoration of function are instituted as soon as possible after 
healing a result that might have been perfect may, from the point 
of view of function, be very poor.” 

In the treatment of fractures, physical therapy is of immediate 
and irreplaceable importance. To quote Wilson,"'' the indications 
are: “First, restoration of anatomic form as soon as possil)Ie: 
second, maintenance of alignment and fixation of the fracture; 
third, institution of measures to overcome circulatory disturbance 
and to- maintain and develop function beginning at the earliest 
possible moment.” “Tlic only measures c.ai)able of accomplishing 
this purpose belong to the domain of physical tiieraj)}' ami shoiihl 
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be included just as regularly in the treatment of fractures and 
employed with the same skill as are reduction of the fracture and 
splinting to maintain alignment.” 

Shock is a frequent consequence of severe trauma. The most 
effective treatment of this condition includes two of the basic in- 
fluences of physical therapy,; namely, rest in recumbency and the 
application of external heat. It might be suggested that in view 
of the peripheral circulatory collapse accompanying shock, conser- 
vative application of effleurage and massage might, in certain cases, 
facilitate the venous return of fluid through the vascular system 
by reducing stagnation in the capillary beds. 

Physical therapy in conjunction with occupational therapy is 
also of prime importance in rehabilitation ■ of individuals subjected 
to amputations, dislocations or injuries of peripheral nerves. 

Because of the influences of physical therapy upon normal 
physiologic processes, many medical conditions are also benefited 
thereby. 

The medical states in which physical therapy has its greatest 
value can be enumerated in approximately the following order : 

1. Arthritis, rheumatism, fibrositis, neuritis and muscular con-- 
ditions constitute a field in which physical therapeutic measures 
experience some of their most brilliant consequences. In this con- 
nection there is a calculated incidence of at least 100,000 cases a 
year of rheumatoid .disability for an Army of the size at present 
contemplated. The value of physical therapy to the orthopedic 
manifestations of the arthritic syndrome is obvious but it has equal 
or even greater value to the syndrome as a whole, before deformity 
has arisen. The frequency of involvement of the peripheral circu- 
lation in the capillary beds in the arthritic complex affords obvious 
explanation of the value of heat, massage and rest to the tissues 
concerned. 

2. A wide field of applicability of physio-therapeutic measures in 
general is to be found in disabilities of the nervous system, ranging 
from paralysis to the true psychoses. Weir hlitchell achieved world 
renown because of his treatment of various neurasthenic states on 
the basis of rest, massage and proper nutrition. That neurasthenic 
states, including psychic trauma, bulk large in warfare admits of no 
question and they probably also constitute part of the problem 
underlying so-called neuro-circulatory asthenia, sometimes referred 
to as the irritable heart of soldiers. It is to be doubted whether the 
full beneficial influences obtainable through physical therapy have 
as yet been adequately brought to bear upon this syndrome. 

3. The next most frequent group of diseases to which physical 
therapy is applicable under war conditions falls under the general 
head of cardiovascular conditions. Some of the most famous spas of 
kurope, such as Nauheim, have directed their facilities chiefly to 
■the field of cardiovascular disease. Wide use has been made there 
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of warm baths, massage, resisted movements, graduated exercise and 
conditioned rest. The results of these measures leave no doubt 
as to the benefits to be achieved, and have been emulated througliout 
the world. 

4. Another exemplification of the same principle is to be seen 
in the use of heat, massage, and the so-called vascular boot to 
peripheral disease of the blood-vessels. While the disease states 
falling under this category find their most frequent incidence in the 
later years of life, conditions of warfare and such diseases as diabetes 
nevertheless introduce parallel problems which must be handled in a 
comparable manner. 

5. In manj'’ previous wars, tj'phoid fever played a large role 
in the disablement and death of soldiers. In the present war, as 
in the last, typhoid fever will probablj^ occur to a negligible extent 
because of prophylactic vaccination. There still exists, however, in 
Europe at least, the scourge of tophus. While prophylactic meas- 
ures have apparently some value in typhus they are by no means 
alwaj'S infallible or available and it is to be expected that any 
army occupjdng the East Central Europe will be exposed to typhus. 
In this event it is probable that the Brand bath could again have 
wide application. One of the most brilliant examples of the appli- 
cation of physical therapy to flamboyant, febrile disease is to be 
seen in the application of the cold bath, ndth friction from massage, 
to the heavily toxic typhoid state. The sordes, coma vigil, subsultus 
tendinum, peripheral stasis, lividity, and other symptoms are largely 
referable to the impaired circulation, especially in the peripheral 
capillary beds. The change from this state, properly called typhoid, 
or typhus-like, to that of a calmer nervous system, clearer mentality 
and improved circulation, constitutes, at times, as dramatic a 
contrast as medicine has to offer. 

Another phase of warfare cognate to purely military activities 
themselves, though not partaking of them, is that developed under 
conditions of bombing. In London,*’ occupation of underground 
shelters has definitely increased the incidence of arthritis and 
rheumatoid conditions. There is also an increase of peripheral 
palsies, of the arm, for e.\amp!e, induced in persons who fall asleep 
in awkward positions because of exhaustion. Physieal therapy has 
been one of the measures upon which chief reliance has been placed 
in caring for these victims of the war. 

The final category to which attention should be called is that of 
conA’alescent states in general in which the indications and oppor- 
tunity for the use of physical therapy are so numerous and wide- 
.spread as to make enumeration impossible. 

From whatever standpoint the question is viewed the c.xhihition 
of physical therapy in the care of the disabled soldier is, within the 
limits of its applicability, coequal in importance with purely siirgica 
or medical procedures, aiul often e.\cecds citlier procedure, rhysinil 
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therapy should indeed be regarded as part of the fields of medicine 
and surgery and any separation of it from them is artificial. The 
excuse for considering it a separate phase of therapy is the fact 
that, as a field of therapeutics requiring special study and training, 
it is hardly more than a catchword to many physicians and still 
needs to be explained and emphasized. A deplorable situation exists 
in civil life which now permits hosts of traumatized and medically 
ill persons to become permanently invalided because adequate 
facilities and trained personnel are not available, or because their 
medical advisers are not adequately cognizant of the remedial 
potential in the field under discussion. Much the same limitation to 
optimal physical therapy will be present in the army unless adequate 
emphasis is given the subject in the minds of inducted medical officers. 

The proper prescription of physical therapy requires familiarity 
with the physiologic infiuences operative and with clinical appli- 
cation of them. This is the obligation of the physician or surgeon. 
The proper conduction of physical therapy is the obligation of the 
trained physical therapeutic technician. Unfortunately, technicians 
are limited in numbers, and time is required to train more. By the 
same token, physicians qualified to prescribe physical therapy, not 
to say carry it out, are even fewer. Indeed, the ironical situation 
exists that physical therapeutic technicians, supposedly operating 
under direction of the profession, may be actuallj'’ more familiar 
with the indications for ’physical therapy, as well as the technique, 
than are many of the profession themselves. Medical officers, 
inducted into the services, should equip themselves as to physical 
therapy in at least a preliminary way. Lowman® has well said 
that the value of physical therapy in the event of another war 
(now upon us) will be determined not only by the work actually 
carried out by physical therapeutic technicians but also by the 
quality of the “prescriptive ability and intelligent interest shown by 
medical officers in charge.” 

Summary. The armed forces of the United States, in being and in 
prospect, will presumably reach numbers never before attained by 
this country. It is to be expected, therefore, that the number of 
casualties from trauma and disease vnll far exceed any figures 
heretofore experienced. Most phases of medicine and surgery 
having relation to the conditions under discussion will early experi- 
ence wide development and application. This cannot be said with 
equal confidence, hoAvever, of that field of treatment known as 
physical therapy. Notwithstanding the demonstrated influences of 
physical therapy upon normal and deviated physiologic processes, 
aiijireciation of these influences is not yet sufficiently widely dis- 
seminated, throughout the profession as a whole, to assure that 
physical therapy can automatically take its place alongside of sur- 
gery and medicine with the expectation that proportionatelv'good 
results will be achieved. *■ 
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Those of the profession entering the armed forces should acquaint 
themselves with these influences and learn on a larger scale than 
obtains at present when to prescribe the measures under discussion. 
Such measures should be carried out when possible by physical 
therapy technicians. There will be sharp limitations, however, to 
the personnel available to do this and a conscious effort must be 
made to atone for this gap by application, on the part of medical 
officers themselves, of at least some of the simpler practices of 
physical therapy. Given the state of medical preparedness as it now 
exists, there is probably no other field of medicine in which early 
and full grasp of the principles at stake would have equally sig- 
nificant results in terms of returning men to dut 3 ' and in reducing 
invalidism. 
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STUDIES OF BIOTIN METABOLISM IN MAN* 

PART I. THE Excretion of Biotin in Human Urine 
By Theodoue W. Oppel, M.I). 

N'EW YOnK, N. Y. 

(From the New A'ork Hospital and Department of Medicine, Cornel! 
University Medical College) 

As early a.s 1029 it was suggested b.v Findlay and Stern’® that 
certain skin and nervous s.vstem elianges in children, known as 
Swift’s disease or pink di.«ea.se, miglit be due to a lack of some 
e.ssential materia! in the rliet. This sugge.stion was made beeaiise 

* This investigation hn“ been aided by a grant from the Joriali Macy. Jr. loundation- 
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of the similarity between the clinical and pathologic changes in 
these children and those produced in rats as a result of feeding a 
diet of high egg white content. Although many years elapsed 
before the mechanism of “egg white injury” was clarified, the idea 
that a vitamin essential for man might be involved has been re- 
peatedly mentioned. Gyorgy, who gave the name vitamin H to 
the anti-egg white injury factor, has suggested several times that 
it might play a role in man.“’^®-^^ During the present year Syden- 
stricker, Singal, Briggs, De Vaughn, and IsbelP^ reported that they 
had produced such a vitamin deficiency in man by egg white feeding 
and had cured it with a biotin concentrate. 

The study of the factors involved in egg white injury in animals 
has been made principally by Boas,^ Parsons, Lease, and Kelly,^® 
and Gy6rgy,i2 ^nd their work has been recently reviewed by 
du V igneaud The universal biologic nature of the protective f actor 
was indicated by the finding of du Vigneaud, Melville, Gyorgy, and 
Rose® that vitamin H is identical with coenzyme R, a respiration 
enzyme essential for the growth of Rhizobium trifolii, and biotin, a 
stimulant for the growth of yeast. Workers from these same groups 
later isolated the vitamin from liver.® It now appears that the 
syndrome of egg white injury results from the formation of a heat 
labile compound between biotin and a substance in egg white*® 
called avidin,® or antibiotin.^^ This compound is not absorbed from 
the intestinal tract and thus deprives the animal of biotin.® This 
is the only condition under which rats have been made biotin-de- 
ficient, but chickens have been made deficient by a low biotin diet 
alone.*’*®’*'* Biotin-deficient chicks develop within a few weeks 
swelling and redness of the eyelids, cracking and bleeding of the 
skin of the feet and around the mandible, and loss of feathers. The 
skin lesions in the rat, which have a general similarity to those in 
the chick, have been regarded as a seborrheid desquamative type 
and they are accompanied by spasticity of the muscles and a 
kangaroo-like posture. 

In the present study an attempt was made to learn something 
about the use of biotin in man by studying its metabolism. The 
work so far completed is reported in 3 parts. The first surveys 
the excretion of biotin in urine. The second gives data on the 
relationship between biotin intake and output, and the third 
describes and discusses the significance of a material with biotin- 
like properties which has also been found in the urine. 

Methods and Results. The determinations were carried out by a j-^east 
growth method described by du Vigneaud, Hofmann, Melville, and Gyorgy 
(o). In this test a synthetic medium from which practically all the biotin 
has been removed is inoculated nith a standard quantity of yeast culture, 
and 10 cc. amounts are added to 2 series of flasks. To one series known 
**'**®**^^ of biotin are added, and the j-^east is allowed to grow for 16 hours 
at 30 C. The amount of yeast grondh in each flask is then determined by 
measuring its turbidity with a photo-electric colorimeter and from these 
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values a standard cun^, or growth curv'e due to known amounts of biotin, 
is constructed. The second series of flasks is used to construct the growth 
cunm for the substance to be tested. The biotin content of the unloiown 
solution is calculated by simple proportion from the position on the gronili 
curve of the unknown that corresponds to the point of half maximum growtli 
on the standard curvm. To form our standard cunn, pure biotin was added 
in amounts of .1, .03, .01, .003, .001, .0003, .0001, .00003, .00001, .000003 
micrograms per flask. The urine wns added in amounts of .3, .18, .1, .056, 
.03, .018, .01, .003, .001 cc. per flask. These quantities of biotin or urine 
Avere made up to a A'olume of 2 cc. before thej' were added to the medium. 
Each 100 cc. of medium was inoculated with .6 mg. of 24-hour culture of 
Saccharomyces cerevisix strain 139. 

the biotin content of a urine was determined in this way 
the same value was found on repeated determinations. Twenty- 
four hour samples, collected in bottles to w'hich 10 cc. of glacial 
acetic acid had been added, wmre found to contain the same amount 
of biotin after standing in the icebox for a month as on the day 
they Avere collected. There has been no evidence of biotin deteri- 
oration in any of the specimens studied. Neither AA-as any of the 
biotin in urine found in the combined form in AA’hich it occurs in 
foods such as liA'er and yeast. In these materials biotin is present 
in a complex union from AA-hich it is separated only by autolysis, 
digestion, acid hj'drolysis, or autoclaA'ing. The urine A-alue aabs not 
changed AA-hen the sample A\-as mixed Avith concentrated HCl and 
CAmporated to drA-ness or autocIaA'ed 2 hours Avith concentrated 
H2SO4. 

T.able I.— Bioti.v Eu.minatiox roH Xobmal Subjects 


Subjccl So. 

Microcrams 
per Jitcr 

Microcram? 
per 24 hours 

Urine vol. 
in cc. 

1 . 

Men 

... 12 5 

23 

1810 

2 

. 4C 7 

44 

950 

3 

. 12 7 

24 

1850 

4 . . 

. 30 4 

27 

ss;i 

5 

17 5 

30 

1700 

G . . 

7 S 

23 

2990 

7 

32 2 

50 

1500 

S 

. . . 23 4 

2G 

1100 

9 

. 09 0 

111 

1020 

10 

. . 39 0 

41 

1050 

A'arialion 

. 7 S-C9 0 

23-111 

SS3-2990 

11 . 

ll'omrn 

. S9 1 

40 

520 

12 . 

13 

. 20 4 

48 

2.330 

55 0 

GO 

12(X1 

14 

. 44 G 

49 

1000 

15 

.•{9 9 

.33 

820 

1C 

. 30 2 

04 

2120 

17 

2§ 2 

39 

1.350 

IS 

47 4 

51 

1090 

19 . . 

C-l 0 

100 

10-10 

20 

9 0 

14 

1.500 

A'ariation 

9 C-S9 1 

14-100 

520-23.30 
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Other experiments were carried out to see if the material we were 
testing differed in any way from biotin derived from other sources. 
No difference was found except that only part of the material in the 
urine could be completely inactivated by egg white. The significance 
of this finding is discussed in Part III of this paper. 

Most of the normal subjects excreted from 20 to 50 micrograms 
of biotin per 24 hours, but there were a few whose daily output 
was more or less than this. This is shown in Table 1, where the 
elimination by a group of 10 normal men and 10 normal women who 
ate their usual diets is listed. There was no significant difference 
between the average values for the 2 groups, and the range extended 
from 14 to 111 micrograms, with an average figure of 45.7 micro- 
grams per 24 hours. 


CONSTANT DIETS 


VARIED DIETS 



Fio. 1. — Biotin content of the urine of subjects who ate constant diets and varied 

diets for 5 days. 


From day to day there was a moderate variation in biotin elimi- 
nated when the same subject ate an unrestricted diet. In contrast 
to this, there was little daily variation in the biotin content of the 
urine when the same diet was eaten each day. The opportunity 
to make such obser\^ations was provided by 4 patients who, because 
of various metabolic studies, ate the same diets every day for 5 or 
more days. In these diets not only the calories, minerals, protein, 
fat, and carbohydrate Avere kept constant, but the same breakfast^ 
lunch, and dinner AA^ere eaten each day. In Fig. 1 the biotin excre- 
tion of these subjects on constant diets is plotted Avith the excretion 
values for a group of subjects aa4io ate varied diets, and a rather 
striking difference is shoAAm. 

A study Avas also made of the elimination of biotin at different 
lieriods throughout the day. From 6 subjects on unrestricted diets 
the urines Avere collected so that the biotin excreted from one 
mealtime to the nex-t could be measured separately. This value 
was divided by the number of hours between the collections of 


860 


oppel; studies of biotin metabolism in 1L\N 


urine, to obtain the average hourly excretion for the period. These 
results are shown in Fig. 2. The hourly excretion was usually, 
though not always, higher during the day than at night and was 
different for each subject. One hospital patient who received prac- 
tically all her food for the day at 11 a.m. by stomach tube provided 
an ideal experiment for us. Her biotin excretion throughout the day 
showed a uniform pattern and was not increased immediately after 
the feeding. This is also shown in Fig. 2. The tube feeding she 
received contained the uncooked whites of 4 eggs, and we were 
interested to see whether these prevented the absorption of much 
biotin. The eggs were therefore left out of the feeding for 5 days 
but no significant change in the biotin content of the urine occurred. 

NORMALS TUBE-FED PATIENT 

MICROGRAMS 



e 12 6 10 6 AM 8 12 « lO BAM 8 12 6 10 6AM 


Fig. 2. — Hourly biotin elimination througliout the day. The area of each block 
indicates the amount of biotin eliminated during that period. The normals ate their 
ordinarj- meals. The tulx;-fed patient received her food at 11 a.m. as indicated by 
the line above each diagram. 

When a test dose of crude biotin was taken by one subject there 
was a prompt flooding of the urine with it. A normal male, uho 
usually excreted aiiout 40 micrograms of liiotin a day ttnd wlif) 
eliminated 3.18 micrograms per hour during the morning, drank 
an aqueous solution containing 1804 micrograms of crude biotin at 
noon. During tlie following 0 hours his urine contained 500 micro- 
grams (93 micrograms per hour). During the 24-hour period after 
he took the biotin he eliminated 793 micrograms. Tiiese results are 
shown in Fig. 3. 

The biotin content of the urines of 00 patient.s from the pavilions 
of the New York Hospital was studied to see if any of these showed 
a striking difference from the normal subjects, (,'ase.s with a wide 
varietv of pathologic conditions were chosen, but tho-se with skin 
or nervous disease processes were especially sought, i'atients 
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with malignant disease, blood disorders, endocrine conditions, in- 
fections, and a variety of miscellaneous conditions were studied. 
An attempt was also made to find those whose food intakes had been 

NORMAL DAY AFTER TEST DOSE 



e 12 6 10 8AM e 12 6 10 SAM 


Fig. 3.— The effect of a test dose of 1800 micrograms of crude biotin on the hourly 
output in the urine. The arrow indicates the time of the dose. 



9 19 29 39 49 59 69 79 89 99 109 119 129 139 149 


MICROGRAMS OF BIOTIN PER 24 HOURS 

Fig. 4.— The effect of diet on the biotin content of the urine. Nearly 60% of the 
patients who ate poorly excreted only 10 to 19 micrograms of biotin per 24 hours. 

greatl.v restricted by disease or treatment. Practically all the values 
fell within the normal range. In the majority of instances where 
the food intake of the subject had been conspicuously poor the biotin 
excretion values were low. This is graphically shown in Fig. 4, 
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where the biotin excretion values for the normal subjects, patients 
who ate weh, and patients who ate poorly, are shown in separate 
columns. 

Discussion. The conclusions allowed by these results are limited 
by the fact that our urinary biotin values can be related to biotin 
intake only in a general wa}'. The amounts of biotin in so few foods 
are known that we cannot yet calculate its content in human diets. 
Isolated determinations of the biotin content of urine have been 
reported, but there has been no previous study of the significance of 
the urinary biotin. More specific information than we liai-e here is 
gained from complete biotin balance studies, and such studies on 
human subjects are reported in the next part of this series. A few 
facts appear to be established from these results, howe\'er, and there 
have been some reports on biotin metabolism in animals with which 
they can be correlated. 

There are 2 types of biotin metabolism in animals. Chickens arc 
apparently dependent on their diets for biotin and become deficient 
when the supply is low. Eakin, McKinley, and Williams® found 
that on ordinary diets these fowl e.xcrete from 10 to 20% of their 
dietary biotin in free form and an additional 15 to 25% in a com- 
bined form which is liberated by hydrolysis. These figures represent 
the total biotin output since the e.xcretion from the kidneys of these 
birds is present in tlieir feces. It would appear that the rat is more 
difficult to make biotin deficient through ordinary dietary means 
than the chick, and he probably derives biotin from some other 
source than his food.'* Biotin from this non-dietary source as 
well as dietary biotin might be found in the rat’s urine, but un- 
fortunately studies of biotin e.vcreted by rats ha\'e not been reported. 

The e.xperiments here reported clearly indicate that the biotin 
content of human urine is influenced by the amount of biotin in the 
diet. This is shown in several ways. When the subjects were 
grouped into those who ate well and those who ate poorly, a corre- 
sponding difference in biotin elimination was shown. For some 
individuals this did not hold true but there is no reason to believe 
that every large meal contains a large amount of biotin or that a 
small meal cannot. A correlation between biotin intake and urinary 
output is further shown by a comparison between the urine values 
of subjects who ate varied diets and of those who ate cotistaiit 
diets. In the former group the output is varied; in the -latter it is 
cpiite constant. i\Ioreover, the biotin coJitent of urine was markedly 
increased by the ingestion of a test dose of crude biotin. 

While the above experiments .show that biotin in food affcct.s the 
urine value, there arc others that point to some source of the vitamin 
for man besides bis food. Throughout tbe.se studies we have been 
constantly searching for a patient who excreted no biotin in the 
urine and' we have analyzed the .specimens of every patient we c«)Ulti 
find on a poor diet. Many of these were in the terminal stage of 
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chronic illnesses and had eaten nothing for days. In spite of this 
effort we have been unable to locate a patient without biotin in the 
urine. In fact, we have found very few who excreted less than our 
lowest normal. This is quite in contrast to other vitamin excretion 
studies and suggests that human subjects are not entirely dependent 
on food for their biotin. Evidence is presented in Part II of this 
paper to show that they derive a good deal of it from synthesis by 
bacteria in the intestinal tract. 

In the study of patients we selected those who showed skin and 
nervous diseases since these body systems are the ones altered in 
biotin-deficient animals. Patients with malignant diseases were also 
investigated because of the findings, by other workers, of a high 
biotin content of tumor tissue^^ and of the procarcinogenic efiFect of 
this vitamin.^ The rest of the patients were chosen to see if anj'^ 
alteration due to fever, anemia, increased metabolism, cirrhosis, or 
other abnormalities might influence biotin metabolism. No group 
of patients showed abnormally low values and only an occasional 
case excreted less than our normals. It cannot, however, be finally 
concluded that some error of biotin metabolism does not occur in 
these diseases. Such an error might be demonstrated by a more 
exact test than the determination of the biotin content of a 24-hour 
urine specimen, collected from a subject on an unrestricted diet. 

Conclusions (Part I). In a study of the biotin excretion in human 
urine it was found that: 

1. Normal subjects on unrestricted diets excreted from 7 to 89 
micrograms of biotin (as measured by yeast growth stimulation) 
per liter of urine or from 14 to 111 micrograms of biotin per 24 hours. 

2. With ordinary diets the biotin elimination varied from day 
to day, and throughout the day. There was a striking increase 
immediately after a large dose of crude biotin was ingested. 

3. Biotin excretion was greater in the urine of those who ate well 
than in the urine of those whose intake of food was poor. It was 
relatively constant for those who ate the same food ever^^ day. 

4. The biotin excretion of a large number of patients with a 
variety of disease conditions was studied. The values found were 
within the normal range and even during periods of starvation were 
not abnormally low. 

Part n. The Relationship Between the Biotin Content of 
THE Diet and Its Output in the Urine and Feces 

In Part I of this paper a general survey of the biotin content of 
urine was made and values for normal subjects were given. It was 
found that patients with a wide variety of morbid processes ex- 
creted relatively normal amounts of the" vitamin. A general com- 
parsion of the abundance of the diet and the urinary biotin level 
was made and showed that the excretion was usually low when the 
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many individuals who are only moderately active. Diets 3, 4, and 5 are 
average, general diets, and the biotin values for them probably correspond 
to that of the average American diet. From the values found in these 
analyses, it appears that liver, which was present only in Diet 5, is one of 
the few foods which significantly alter the intake of this vitamin for the day. 

Table 2. — Composition of Diets Used 


Diet No. 



1 

la 

2 

3 

4 

5 

Micrograms of Biotin 

60 

0* 

30-34 

34-37 

32-35 

54-65 

Weight (gm.) 

214 


840 

320 

1212 

342 

1998 

406 

1873 

390 

Calories .... 

1000 


1543 

2015 

2014 

2017 

Protein (gm.) . 

57 


55 

75 

75 

75 

Fat (gm.) . .' . 

GO 


60 

66 

76 

76 

Carbohydrate (gm.) . 

71 


185 

283 

246 

246 

Calcium (gm.) 

. • . » 


0.1 

0,6 

0.9 

0,9 

Phosphorus (gm.) 

.... 


0.6 

1.0 

1,3 

1,3 


* Diet No. 1 plus 18.3 gm. of powdered egg white. 


The diet of powdered milk and egg white was given to 2 subjects, on one 
of whom it had to be discontinued after 2 days. She had previously finished 
a control period of 3 days on powdered milk alone. During these 5 days 
her biotin excretion values in the urine were 29, 31, 38, 33, and 20 micro- 
grams. The other subject was not given a control period but took the milk 
and egg white combination 5 days, during which he e.xcreted 30, 24, 36, 24, 
and 46 micrograms. These values were not significantly different from those 
he previously and subsequently showed on a general diet. The stools 
on these subjects were collected individually and varied so much in regu- 
larity, because of the constipating nature of the food, that they could not be 
compared with the other figures. 

In all the rest of the experiments the results were much more satisfactory 
^d were in general agreement. They are shown on Figs. 5' and 6 and on 
Table 3. Fig. 5 shows graphically the relative amounts of biotin in the diet 
and m the urine of two subjects on constant diets. Although these subjects 
ate different foods, they consumed approximately the same amount of 
biotin daily and each of them excreted a relatively constant amount in the 
urine. One subject excreted slightly less biotin than she consumed but the 
other excreted considerably more than he ingested each day. In other 
balance periods the urine not infrequently contained more biotin than the 
diet. 


Fig 6 shows the relationship between dietary biotin and urinary biotin 
when diets containmg 35 and 65 micrograms were taken on alternate days 
Under these circumstances the urinarj^ biotin values were not constant as 
were those on Fig. 5 but showed daily variations which foUowed the fluctu- 
ations in biotin intake quite closely. 

.. biotin balance periods investigated are 

jjetail. The daily intake in the diet and output in the urine is 
listed. The average daily value for output in the feces is given since all 
the feces put out during the balance period were mixed and analyzed 
ogether. In 2 cases where the urines were not obtained, only the diet and 
Son? ® at once cAudent from this table that the biotin 

tin exceeded that of the diet, and from three to sLx 

^ nes as much biotm vas ehnunated m the urine and feces of these subjects 
as they could have absorbed from their food. Biotin synthesis bv the bar 

mdd'be*aLorl3‘”%1^ furnished a resenmir from which biotin 

could be absorbed. There is some suggestion that a correlation existed 
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brtween the amount of biotin in the feces and the quantity in the urine. 
When Subjects B (Periods 3 and 4) and C (Period 1) consumed the same 
amounts of biotin, the stool and urine values of the former were both con- 
siderabl}’’ higher than_ those of the latter. No correlation between the 
biotin content of the diet and that of the feces is suggested bj' these data. 



12 3 4 5 DAYS 12 3 4 3 
m DIET □ URINE 


Fio. 5. — The relationship between the amounts of biotin in the diet and the 
urine of 2 subjects on constant diets. 



12 3 4 5 D^YS 12 3 4 5 
m DIET □ URINE 


Fin. C. — The relationship between the amounts of biotin in the diet and the urine 
of 2 subjects who ate diets of 35 and 65 microRraras of biotin on alternate days. 

Discussion. TJie biotin contents of the diets used in this study 
probably indicate the usual range of biotin intake by normal men 
and women, .\niount.s varying from 30 to 05 micrograms a day 
appear e.vceedingly small when they are compared with the jiinoimt.'' 
of other members of the vitamin B complc.v in ordinary diep. 1 m‘ 
daily human consumption of the latter is often expressed in miui- 
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Table 3. — Biotin Exchange in the Several Metabolism Periods 


Subject and 
number of 
metabolism period 


C. Period 4 . 


C. Period 5 


C. Period C 


4V. Period I 


Daily biotin 
intake in 
micrograma 


Daily biotin output in 
niiorograms 


Total 
Diet Number B 


Stool Urine 




1 34 


29 




[34 


29 




34 


29 


Period 1 


34 


28 




34 


29 




[34 . 116 

87 

29 

Average 

Period 1 . 

« 

33 

86 


Average 

Period 1 . 


30 

99 


Average 



Diet Number 3 






'34 


73 




34 


53 




34 


44 


Period 3 . 

, , * 

34 


50 




34 


48 



1 

. 34 217 

163 

54 

Average 



37 


52 




37 


48 




37 


54 


Period 4 . 


37 


59 



1 

37 


47 




.37 243 

191 

52 

Average 


Did Numbers and 5 

34 

(i5 

34 

65 

34 


[4G 
' 65 
34 
65 

34 
65 

53 
62 

35 
62 
35 
62 

t51 

'32 

54 
32 
54 
32 
54 
32 

41 


128 82 


157 108 


151 98 


31 

65 

40 

65 

31 

46 
71 
34 

48 

32 

58 

49 
GO 
29 
65 
34 

76 

53 

37 

59 
42 

77 

47 
65 

48 


Average 


Average 


Average 


181 127 


54 Average 
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grams. This relatively small biotin intake by man, however, corre- 
sponds to a similar small biotin requirement of other biologic 
species. For example, optimal growth of yeast occurs when biotin 
is present in a concentration of only .0001 micrograms per cc., while 
thiamine must be present in a concentration of .04 micrograms per 
cc._ to produce optimal yeast growth.^ The biotin requirement of 
animals is also I'ery small. Hegsted, Mills, Briggs, Eh-ehjem, and 
HarF« found that chicks require only 7 to 10 micrograms of biotin 
per 100 gm. of ration, a value surprisingly similar to that of our 
human diets. Our diets contain 2 to 4 micrograms of biotin per 
100 gm. of wet ration, or from 10 to 16 micrograms of biotin per 
100 gm. of dried diet. 

The biotin content of the diet loses some of its importance because 
of the synthesis of biotin in the human intestinal tract. A number 
of bacteria, including^. coZi, have been shown by Landyand Dicken'^ 
to synthesize biotin during growth in artificial media, and they 
appear to form more of it than the}' use. Burk* found his rats 
were excreting more biotin in their stools than he was feeding them. 
The high biotin content of the stools of our subjects thus did not 
come as a complete surprise. This colonic source of biotin may 
explain whi' a subject can put out more biotin in his urine than is 
taken in his diet, and why we found a relatively normal biotin 
e.xcretion by fasting human subjects and by those who took egg 
white for short periods. Such findings suggest that the quantity 
of biotin provided from this source is adequate for the needs of 
man, and there is thus reason to doubt that human subjects require 
any biotin in their food or can be made deficient by a lack of it. 

Since human subjects receive biotin from 2 sources, the .signifi- 
cance of biotin in the urine becomes doubly complex. There 
is clear evidence that biotin from both sources appears in the 
urine. In the case of food biotin, this is shown by the striking 
daily variation of urinary biotin which occurred when subjects ate 
diets of high and low biotin content on alternate days. In the 
case of fecal biotin, by the continued biotin excretion which accom- 
panies starvation and by the fact that tlie urine often contains more 
biotin than the diet. Apparently in man there is a relatively con- 
stant level of biotin excretion in the urine based on biotin .synthe-is 
by colonic bacteria, and superimposed on this, sudden variations 
occur due to changes in biotin content of the diet. 

If tliis interpretation is correct, there is still no reason to rloubt 
that the biotin content of the urine will become significantly dimin- 
ished when the supply of the vitamin to the individual is greatly 
reduc-ed. To produce the reduction, however, it is ncccssar.v to 
eliminate the supply from bacterial synthesis as well as the supi)'.'’ 
from the food. This apparently can be accomplished with diets fif 
l)igh egg white or avidin content. Recently Sydenstrickcr,^Sing:ib 
Briggs, De Vaughn, and I.sbell*' have reported levels of ,4.6 tf> i-' 
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micrograms of biotin in the urine of human subjects whom they 
believed to be clinically deficient. These are significantly lower 
than any values we have found. There is also evidence, which is 
presented in the following part of this paper, to show that qualitative 
differences of the biotin content of the urine exist, and that the 
value of one of the biotin-like materials found in the urine may be 
as significant as the total biotin level. 

Conclusions. (Part II). A small group of hospital patients have 
been kept on diets of known biotin content and the excretion of the 
vitamin in their urines and feces has been studied. The following 
conclusions have been drawn: 

1. Diets of average normal composition contained from 30 to 40 
micrograms of biotin a day, which increased to 65 micrograms when 
liver was included. 

2. On a daily biotin intake of constant value, the biotin excretion 
in the urine was constant for each subject. The average daily figures 
for the different subjects, however, varied quite widely. 

3. When diets of 35 and 65 micrograms of biotin were taken on 
alternate days, the urine showed corresponding daily fluctuations. 

4. The average daily biotin content of the feces greatly exceeded 
the biotin content of the diets. There seemed to be some correlation 
between the biotin content of the feces and the content of the urine. 
There was no correlation between the biotin content of the feces and 
the content of the diets used. 

5. The total biotin output in the urine and the feces was 3 to 6 
times as great as the intake in the diet. 

Part m. The Excretion of Two Biotin-like Substances 

IN Urine 

The previous parts of this series report some observations on the 
metabolism of biotin in man, made by determining the amounts of 
this vitamin in diets, feces, and urine specimens. The analyses ivere 
made by a yeast growth method, and since tliis lacks certain de- 
sirable specific characteristics, we did many experiments throughout 
the work to test the properties of the material. These experiments 
hai'e shown that the material in our specimens which gives the 
yeast growth response characteristic of biotin, can be divided by 
the avidin reaction into two parts, and there are thus two substances 
with biotin-like properties. A study of these substances is the 
basis of this part of our report. 

Me&od of Analysis. The measurement of biotin was described in 
detail m Part I. A comparison is made between the potency of an unknomi 
material m factors that stimulate 3'east growth, and that of a solution of 
known biotm content. A medium from Avhich practically all of the biotin 
lias been removed is used, and after it has been uniformlj’’ inoculated AAath 
yeast culture it is added to the unknown and standard solutions, Avhich are 
made up m variung dilutions in flasks. After incubation the turbidity of 
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all the flasks is measured colorimetricallj'^ and curves of the yeast growth 
caused bj' the knouTi and unknonm solutions are formed by plotting the 
dilution of the solution against the turbidity of it. As the biotin content 
of the standard solution in micrograms per cc. is knoira, the strength of 
the unknoivn solution can be calculated by determining what dilution of 
it causes a turbidity equal to that of some point on the standard growth 
curve. The point of half ma.\’imum growth on this cun'e has been arbi- 
trarily selected as the place where the comparison is made. 

Aiddin is the protein responsible for the development of egg white injurj' 
in anirnals. It apparently produces this sjmdrome by combining with the 
biotin in their diets to form a compound which is not absorbed from their 
intestines. Eakin, Snell, and Williams (9a) have shown that it also prevents 
yeast from utih'zing the biotin for growth in pure and crude solutions. Its 
properties have been described by these authors (9) and by Woolley (2-1), 
and its combination with biotin appears to be a specific one. Its crj-stallin 
preparation was recently described (20). 



Fjg. 7. — The difference between the effects of a\-idin on the crowfli fnclors in urine 
and in a biotin solution of corre-spondinR strencth. The untreated urine and biotin 
solutions are indicated by solid lines; the avidin treated, by inteirupterl lines. The 
prowth curves are formed by plottinc the dilution of the solution as the nb.«figs.a and 
the turbidity (colorimeter re.idins} as the ordinate. The standard solution contniiivl 
1 micropram of biotin per cc. 


When it was found that the urine contained a material which would 
stimulate yeast growth on biotin-frec media, attempts were nindc to m- 
activatc it witli avidin. A number of different urino-s were tested tiflcr 
quantities of a\ddin had been added that exceeded many times th.af nmied 
to prevent completely the growth activity of a corro.sponding amount oi 
biotin in aqueous solution. In other e.viwnments a con.-f.ant amount or 
ai'idin wa.s nddc<i to each fl.ask which made uj) the growth cinwe, and tmig 
the ratio of biotin to avidin changed progrcs.dvely V."? 

Wlicn cither procedure was u.sed the avidin cau.=c<i only a , 

of the growth-stimulating matcri.al in the urine The height of Prou th 
curve was lowered and the curve wa,« changed to a po.-ition vhich corr 
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pH range of from 1 to 12 and added to them a^n■din solutions of 
corresponding pH. The amounts of biotin and non-combinabic 
biotin-like substance in the urine were the same irrespectii’e of the 
pH at which they were mixed. When urines adjusted to the same 
pH range were autoclaved, some of the non-combinable material 
changed to combinable material in the neutral range. This observa- 
tion was originallj" made by Burk.^ Attempts to destroy biotin in 
urine with bromine and H 2 O 2 have not been satisfactory, 

A few experiments have been made to see if other substances 
which affect growth would alter the gronHi activity of the material 
in urine. In the presence of avidin the amount of non-combinable 
biotin in urine was not altered by adding folic acid, or other pure 
vitamins to it. Solutions of liver extract and yeast extract did in- 
crease the amount of non-combinable material under the same con- 
ditions. 




^ Plj. ^ C3 COMSINABLE BIOTIN IN URINE 

CO NON-COMBINABLE BIOTIN IN URINE 

Fjg, S. — E.Tcretion of biotin and non-avidin combining growth material in the 
urine. Left: Subject who consumed 35 and 55 micrograms on niternato days for 
7 days. Right: Subject who consumed 47 microgram.s of biotin and large amounts 
of egg white everj' day for 5 days. 


Excretion of the Non-atidin Combining Growth Substance. Not 
only all of the Jiuraan urines studied, but the urines of dogs, rabbit.s, 
and rats have been found to contain this new biotin-like growth 
factor. Urine is the most plentiful source of it we Jtave found, but 
we do not know why it appears in the urine in such large amounts. 
The diets and stool specimens of patients on whom we did biotin 
balance studies contained so much less of it than their urine, that it 
could not have been absorbed from their intestines. A few exfieri- 
ments liave been made to .see what factors do alter its c.ycretion. 

The urines of 2 subjects who were eating diets containing -io and 
56 micrograms of biotin on alternate days were c.xumincd. Ih*’ 
amount of biotin in the urine varied directly with the amount in the 
food. The c.vcretion of non-avidin combining material, Imwever, 
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remained quite constant. To 2 other subjeets test doses of 150 
micrograms of biotin were given during a period when they were 
maintained on diets of constant biotin content. This dose caused a 
flooding of the urine with biotin, but did not alter the excretion of 
the non-combinable material. 

In another series of experiments an attempt was made to reduce 
the intake of biotin by giving avidin or egg white alone and with 
sulfanilylguanidine or succinyl-sulfathiazole. In some of the human 
subjects the excretion of biotin in the urine was decreased by these 
procedures, but it did not disappear completely. The excretion of 
the non-combinable biotin was not shown to be altered. We have 
not had an opportunity to study the urine of human subjects who 
showed signs of biotin deficiency, but two rats that were made 
biotin-deficient by avidin feeding, excreted no combinable biotin 
in their urine. Unfortunately, they were not studied when they 
consumed normal diets, so that we do not know whether or not their 
non-combinable biotin excretion had been changed. 

The results of two typical experiments on human subjects are 
shown in Fig. 8. 

Discussion. Of the various procedures used to identify biotin, 
the stimulation of yeast growth in a biotin-free medium and the 
inhibition of this effect by avidin are among the most specific. 
These tests are used to measure the amount of this vitamin in pure 
and crude materials, and any substance which gives both of these 
reactions has been considered to be biotin or some closely related 
compound. 

Our results seem to show clearly that there is something in crude 
biologic materials, which gives the biotin effect on yeast growth in 
the presence of avidin. We have not been able to distinguish it 
from biotin by any other reaction, and we do not think it is any 
other known vitamin. The most striking thing about it, however, is 
that urine contains large amounts of it, though only small amounts 
are absorbed from the intestine. This suggests that it is formed in 
the animal body and one is tempted to believe that it is a product 
of biotin metabolism. Metabolic products of other vitamins, some 
with altered biologic properties, are known to appear in the urine. 

Procedures intended to alter the metabolism of biotin in the body 
have so far failed to change the excretion of the non-combinable 
biotin-like substance in the urine. It seems clear that moderate 
variations in biotin intake and doses of biotin which greatly exceed 
that amount normally consumed do not alter the excretion of the 
non-combinable material. It is not yet clear, however, that its 
excretion is unchanged during periods of biotin starvation. We 
have not had an opportunity to make proper quantitative measure- 
ments under such conditions. The biotin absorption did not appear 
to be completely prevented in any of our human subjects, and the 
rats which appeared to be absorbing no biotin were not studied 
under other conditions. 
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it thus appears that two substances which give the yeast 
growth effect of biotin can be distinguished, it is not clear how these 
substances are related. For this reason w'e have used the term 
biotin for the mkture of these materials in Parts I and II of this 
paper. ^ In Part III, however, w'e have designated the materials as 
true biotin and non-combinable biotin for convenience, though we 
realize that their exact identity is not established and that the non- 
combinable biotin may not be a single compound. In future studies 
of biotin metabolism it seems important to use avidin to separate 
these two materials. We have done this in enough instances to 
form some idea of w'hat the neiv procedure will shmv and how it 
will affect the results already reported. 

In Part I it is stated that normal subjects e.xcreted from 14 to 1 1 1 
micrograms of biotin per 24 hours, depending on the nature of the 
diet. These values can be broken dowm into those for true biotin 
and non-combinable biotin. In instances wdiere this was done the 
correlation betiveen biotin intake and output was showm to be due 
to the fact that the daily output of non-combinable biotin is constant 
and uninfluenced by diet, whereas the I'alue for true biotin fluctuates 
w’ith the amount in the diet and thus provides the best index of 
biotin absorbed. Under those conditions w’here the urinary biotin 
values were loiv, the breakdown of the figures rei'ealed that the 
non-combinable material accounted for such a large percentage that 
smalt variations in the excretion of true biotin w^ere masked. When 
more such cases and patients with various diseases are studied with 
the avidin technique significant differences in biotin excretion may 
be found which did not show up before. 

In Part II of this paper, in which the results of biotin balance 
studies are reported, the values for diets and stools represent true 
biotin, for we have not found significant amounts of non-combinable 
biotin in either of these. Tlie biotin values for the urine w'ill have 
to be divided, but this division does not alter the fact that the 
biotin in the urine and feces still exceeds by many times that present 
in the food, so that an important synthesis of biotin by the intestinal 
bacteria remains established. 

\Wiile it would appear that the application of the avidin tech- 
nique will amplify some of the work reported in Parts I and II of 
this series, we feel that more should be learned about non-combin- 
able biotin before this is undertaken. IMuch remains to be know/! 
about its properties and physiology. .-Vt the same time we feel that 
the information already gained should be reported, as it /nay be hel{>- 
ful to other workers in the field. The present report is thus sub- 
mitted vdth the realization that it will probably undergo some 
amplification and possibij' some revision. . 

Conclusions.* (I\art III). 1. The /naterial in urine which gives 
tlie biotin test by the yeast growth assay can be separatc/l into an 
avidin-combining and non-avidin-combining fraction. 

• For Conclusions of Part I, fee pace S6.'/: of Part 11, pas'* 
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2. Both of these fractions have been found in all human urines 
tested and in the urines of the dog, rabbit, and rat. 

3. The avidin-combining fraction is probably biotin, and its 
excretion in the urine varies with the amount of biotin in the diet. 
Small amounts of it were excreted by patients taking diets con- 
taining large amounts of egg white. None of it was excreted in the 
urines of two biotin deficient rats. 

4. The non-avidin-combining fraction has been found in all urine 
tested. The quantity in the urine was not changed by altering the 
biotin content of the food or bj'^ oral doses of biotin. Only minute 
amounts of the non-avidin-combining biotin were found in diets and 
stool specimens. 

The author gratefully acknowledges the many suggestions and criticisms made by 
Dr. Vincent du Vigneaud and other members of the Department of Biochemistry 
of the Cornell University Medical College and the cooperation of Dr. C. P. Rhoads 
and his associates at Memorial Hospital, who furnished us with specimens from 
patients. The technical assistance of the Misses Margaret Whittemore, Betty 
Prescott, and Annette Pisanelli is also gratefully acknowledged. 
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THE EFFECT OF VARIOUS STEROIDS IN INTACT MALE RATS 
By Hans Selye, M.D., Ph.D., D.Sc., F.R.S.(C) 

ASSOCIATE PROFESSOR OF HISTOLOGY 
AND 

S. Albert, M.D. 

MOJJTHEAL, CANADA 

(From the Department of Anatomy, McGill University) 

In previous communications^ vre described the effect of various 
steroids in male rats in which the gonad was either removed or 
damaged by estradiol treatment. These investigations revealed 
that certain steroids produce a more pronounced enlargement of 
the male accessory sex organs (so-called “androgenic” or “testoid” 
effect) in the presence of testicular tissue than in its absence. It was 
found that this activating effect of the testis is evident even if tlic 
Leydig cells have undergone complete involution as a result of 
estradiol overdosage. Such compounds as progesterone and preg- 
nenolone, which fail to stimulate the seminal vesicles of the castrate 
rat, even in doses as high as 10 mg. per day, proved very effective 
in causing hj^iertrophy of the seminal vesicles in rats whose Leydig 
cells had completely involuted as a result of chronic estradiol treat- 
ment. It appeared noteworthy, however, that these same com- 
pounds (pregnenolone and progesterone) prevented the iisua) de- 
struction of the seminiferous epithelium normally caused by 
estradiol administration. The question arose: can certain steroids 
stimulate the male accessory sex organs indirectly through a gonado- 
tropic action which is mediated by the seminiferous epithelium? 

It has been shown that many, if not all, hormonally active . 
steroids cause atrophy of the Leydig cells if administered in suffici- 
ently high doses to the rat.*'® This atrophy may be accompanied by 
involution of the seminiferous epithelium as in the case of treatment 
with foUiculoid compounds (c. g., estradiol) or high doses of desoxy- 
corticosterone acetate. On the other hand, progesterone produce.s 
Leydig cell atrophy without tubular damage.*’ Testosterone proved 
to have a peculiar action inasmuch as in comparatively small doses 
it causes Leydig cell atrophy and a pronounced decrease in testis 
weight due to involution of the seminiferous tubules, while in high 
doses the tubules remain intact although the I^eydig cell atropiiy is 
even more pronounced.® These facts may perhaps Im explained by 
assuming that testosterone inhibits hypophyseal gonadotropic 
hormone production both at low and at high dose levels and hence 
tends to cause involution of both the intenstitial cells and the 
tubular elements. -At high dosagc.s, however, the direct sperinato- 
genic effect of testosterone prevails. Therefore the sj)ernmt!c 
epithelium remains intact, while the lA\vdig cells, which are not 
dircctlv stimulated by this compound, undergo atro])iiy. 'I he fact 
that tiie spermatogenic action of testosterone is direct ami not 
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mediated by the pituitary has clearly been proven since testosterone 
maintains spermatogenesis even in the hypophysectomized rat.^’^’^ 

The experiments to be reported in this communication represent 
a study of the morphogenetic effects of various steroids in the intact 
male rat. They were designed in order to obtain further evidence 
concerning the changes induced in the gonad and accessory glands 
as well as in some other organs by a variety of steroids administered 
at different dose levels. We believe that these experiments clearly 
demonstrate that the production of Leydig cell atrophy is a common 
action of all the hormonally active steroids examined but is shared 
by none of the hormonally inactive compounds of this series. Our 
experiments also supply data concerning the action of the steroids 
on numerous other organs. 

Expcriviental. In our first experimental series 12 groups each, 
consisting of 6 male rats, were injected with 12 different steroids. 
The 13th group acted as not injected controls. In all the injected 
groups the steroids were administered in 2 daily subcutaneous in- 
jections of 0.1 cc. of peanut oil each containing 0.5 mg. of the 
steroid to be examined. The latter was present in the oil as a fine 
crystalline suspension. Treatment was continued for 14 days, the 
animals being killed on the 15th day and at which time their organs 
were dissected and weighed after fixation in “Susa” solution. 


Melting pt. 

Common and chemical names °C. 

1. Acctoxypregnenolono (17-ethyl-A5-androstene-3(/3), 21-diol-20-one- 

fit • too tO/l 


2. Pregnenolone (17-ethyl-A5-androstene-3(/3)-ol-20-onc) .... 186 (185-187) 

3. Androstenedioi (A5-androstene-3(/3)-17(a)-diol) 182-183 

(182-183) 

4. Testosterone (A4-androstene-3-one-17(a)-ol) 154(154.5) 

5. Cholesterol (17-iso-octyl-A5-androstene-3(/?)-ol) 149 (150) 

G, Ethinyl testosterone (l7-ethinyl-A4-androstene'3-one-l7-ol) . 265-268 

(270-272) 

7. Pregnanedione (17-ethyl-etiocholane-3,20-dione) 121 (120) 

8. Pregnanediol (17-ethyl-etiocholane-3(a), 20(a)-diol) . .237 (237-239) 

9. Methyl testosterone (17-methyl-A4-androstene-3-one-17(a)-ol) . .153^63-164) 

10. Dehydro-jso-androsterone (A5-androstene-3(/3)-ol-17-one) . .137(144-146) 

11. Progesterone (1 7-ethyl- A4-androstene-3,20-dione) 128 (128) 

12. Desoxycorticosterono Acetate (l7-cthyl-A4-androstene-3,20- 

dione-21-ol-acetate) 152 (158-160) 

13. (Table 2) Androsterone (androstane-3(a)-ol-17-one) .... 177-178 


Table 1 summarizes our findings. Both the full chemical name 
(in italics) and the common name are likewise mentioned here, 
but only the common name given in the tables: The melting-point 
of the sample we used was always determined in our laboratory and 
is mentioned as an indicator of the purity of our preparations. 
It may also help to identify compounds (especiall.y isomerids) whose 
chemical structure is not as yet quite certain. The correct melting- 
point of the most highly purified preparations described in the 
literature are recorded in brackets for comparative purposes. In 
every case the average organ iveight is given in the table, the maxi- 
mum spread being indicated in brackets. 
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Table 1. — Effect of Various Steroids Administered ij 





Initial 

Final 







No. of 

Dosage 

body wt. 

body wt. 

Pit. 

ThjToid Adrenal 

Pancreas 

Thymus 


group 

Treatment 

mg./day 

in g. 

in g. 

in mg. 

in mg. 

in mg. 

in mg. 

in mg. 

ia p. 

1 

Progesterone 

1 

142 

197 

6 

14 

27 

709 

297 

2.572 




(130-150) 

(180-220) 

(5-7) 

(12-16) 

(24-34) 

(486-781) 

(136-302) 

(2.309-2.821) 

2 

Pregnanedione 

1 

141 

203 

7 

14 

28 

679 

288 

2.571 




(135-150) 

(185-230) 

(5-8) 

(11-16) 

(24-33) 

(416-941) 

(260-371) 

(2.005-3 l‘3i 

3 

Cholesterol 

1 

141 

203 

7 

IG 

31 

734 

319 

2,516 




(130-150) 

(180-220) 

(6-8) 

(13-18) 

(24-40) 

(592-849) 

(250-363) 

(2.227-2.7JO) 

4 

Non-injected 


142 

203 

G 

17 

30 

750 

353 





(135-155) 

(180-230) 

(5-9) 

(16-18) 

(20-38) 

(508-935) 

(267-425) 

(2.215-2.7N5) 

5 

Acetoiypregnenolonc . . . 

1 

142 

202 

6 

14 

30 

658 

318 

2.417 




(130-155) 

(170-225) 

(5-7) 

(10-18) 

(24-38) 

(414-838) 

(235-406) 

(2.167-2.751) 

6 

Desoxj’corticosteronc acetate . 

1 

142 

204 

6 

13 

31 

768 

248 

2.401 




(135-150) 

(180-230) 

(6-7) 

(11-15) 

(2fr40) 

(594-963) 

(174-302) 

(2.133-2 7301 

7 

Pregnenolone 

1 

142 

101 

6 

13 

26 

644 

252 

2.393 




(130-155) 

(150-210) 

(5-7) 

(11-14) 

(23-29) 

(438-823) 

(170-349) 

(1.911-2 676' 

8 

Androstenediol 

1 

141 

108 

6 

14 

27 

605 

288 

2 3C9 




(135-150) 

(180-210) 

(4-7) 

(11-18) 

(21-32) 

(688-929) 

(152-503) 

{2.061-2. I'M 

9 

Ethinyl testosterone . . . 

1 

143 

195 

6 

13 

28 

C3G 

251 

2 309 




(135-145) 

(185-205) 

(6-7) 

(9-14) 

(25-33) 

(461-783) 

(183-315) 

(2 035-2 6.3)1 

10 

Androsterone 

1 

139 

169 

5 


25 

399 

242 

2 




(135-150) 

(164-174) 

(3-5) 


(18-30) 

(322-543) 

(164-339) 

(2.08)-2 415: 

11 

Dehydro-iso-androstcronc . . 

1 

142 

197 

7 

IG 

29 

787 

230 

2.215 




(130-150) 

(180-215) 

(5-8) 

(13-18) 

(26-33) 

(516-912) 

(163-285) 

(2.001-2.47!) 

12 

Methj’l testosterone . . . 

1 

141 

211 

7 

13 

32 

797 

277 

2.115 




(130-165) 

(185-240) 

(5-9) 

(11-15) 

(25-41) 

(604-1.032) 

(200-379) 

(1 455-2 ei: 

13 

Testosterone 

1 

141 

192 

5 

13 

27 

832 

233 

I.T'iS 




(130-163) 

(165-225) 

(5-6) 

(11-18) 

(23-30) 

(724-1.021) (168-331) 

(1.5'9-1 S3T' 


Table 2.— Effect of Various Steroids ADMiMFrr.Rri) r> 


Ko. of 

RToup Treatment 

1 Acctosj-pregncnolonc . . . . 

2 Pregnenolone 

3 Androstcncdiol 

4 TestostCTone 

5 Cholesterol 

C Ethinyl testosterone . . . . 

7 Pregnanedione 

8 Pregnanediol 

9 Methyl testosterone . . . . 

10 Dchydro-is^vandrosteror.'* . . 

11 ProCTsteroce 


Dosagein 

Initial 

Final 

Pit. in 

Tliyroid 

Adrenal 

Pancrc3.s 

Tlomns 


V-i! 

mg./day 

body wt. 

body wt. 

mg. 

in mg. 

in mg. 

in mg. 

in mg. 


i* L 

10 

143 

201 

6 

IG 

28 

624 

279 

{1 

3 in 


(130-150) 

(195-216) 

(5 2-0 4) 

(13-20) 

(22-32) 

(356-711) 

(152-111) 

.915*2 J 

10 

143 

200 

6 0 

17 5 

31 5 

676 

283 

a 

2 301 


(130-150) 

(I90-2I0) 

(6.2-7 0) 

(16-19) 

(29-35) 

(571-840) 

(ISI-35S) 


10 

143 

183 

6 1 

16 

29 

561 

236 


2 311 

*'l 


(130-150) 

(145-215) 

(5.I-7.0) 

(12-21) 

(27-33) 

(440-763) 

(150-381) 

(2 


10 

144 

192 

0.2 

16.6 

.34 0 

635 

117 


2 


(140-150) 

(185-200) 

(5 3-7 0) 

(13-22) 

(2.5-12) 

(540-770) 

(58-1 '5) 

(2 


10 

143 

19G 

6 8 

17 

33 

644 

2'/) 


2 3.1 


(130-150) 

(I70-2I.5) 

(0 4-7.2) 

(16-16) 

(30-30) 

(547-755) 

(I81-l'» 

(■ 

\l-r» ' 

4 lVi 

10 

142 

183 

0 

17 

31 

605 

210 

(1 

2 J* ' 

r* 

10 

(130-J50) 

143 

(m-202) 

189 

(5 1-6 9) 
6 2 

(15-20) 

15 

(26-3.5) 

33 5 

(435-514) 

623 

(165-315) 

219 

2 III 

17’ 


(135-150) 

(170-202) 

(4 0-7.5) 

(10-20) 

(2,8-34) 

(240-872) 

(168-308) 

(1 


10 

143 

179 

6 3 

14 

30 

617 

I'l 


sV-2 3'* 


(130-150) 

(145-197) 

(5 1-7 I) 

(11-18) 

(27-35) 

(4'O-510) 

(95-271) 

(1 

m 

10 

143 

176 

5 

15 

33 

638 

76 

ft 

3'3'2 3*' 


(I30-J50) 

<IC7-19C) 

(4 7-5.4) 

(13-19) 

(31-35) 

(505-772) 

(36-121) 


•* f'j 

10 

143 

(130-150) 

I7S 

(14O-I90) 

6 4 

(6 0-0 8) 

17 

(15-20) 

33 

(28-40) 

613 

(33l-‘01) 

129 

(i3-I61) 

(I 

2 r I } 

10 

143 

(135-150) 

175 

(145-205) 

5 9 

(5.4-0 4) 

16 

(14-19) 

31 

(29-35) 

612 

(553-665) 


(1 

I 70! 

10 

143 

leo 

5 3 

I.'. 

19 

521 

117 

n 

2 


(130-150) 

(160-175) 

(4 S-r, 0) 

(12-?)) 

(18-21) 

(40i-:.’9; 


5* 
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Comparatively Low Dosages on Weights of Various Organs 


Seminal 

Ventral 

Middle 

Epidi- Preputial 

Coag. 

vesicles 

prostate 

prostate 

dymis 

gland 

gland 

in mg. 

in mg. 

in mg. 

in mg. 

in mg. 

in mg. 

177 

144 

94 

451 

47 

39 

rUS-217) 

(127-156) 

(85-101) 

(360-566) 

(36-62) 

(35-41) 

308 

156 

124 

492 

57 

60 

fI69-478) 

(120-200) 

(87-176) 

(400-586) 

(38-85) 

(33-99) 

2G8 

1.52 

103 

449 

63 

so 

(230-3721 

(114-212) 

(67-142) 

(352-581) 

(35-79) 

(46-81) 

319 

170 

110 

497 

58 

61 

(2,53-426) 

(136-196) 

(92-120) 

(428-558) 

(40-88) 

(39-74) 

241 

149 

114 

461 

51 

49 

(137-368) 

(88-190) 

(67-147) 

(305-590) 

(31-71) 

(24-73) 

285 

149 

108 

495 

58 

55 

(192-439) 

(107-203) 

(84-150) 

(353-608) 

(34-89) 

(41-77) 

334 

157 

130 

481 

46 

61 

(125-468) 

(80-200) 

(75-171) 

(345-590) 

(38-56) 

(28-88) 

247 

153 

113 

428 

61 

49 

(175-338) 

(112-176) 

(80-150) 

(371-480) 

(38-79) 

(36-65) 

300 

164 

no 

484 

70 

62 

(171-479) 

(130-201) 

(82-165) 

(302-750) 

(48-107) 

(43-96) 

176 

186 

151 

511 

49 

42 

(63-296) 

(134-253) 

(93-194) 

(402-598) 

(31-92) 

(22-76) 

281 

167 

123 

501 

61 

58 

(241-330) 

(140-193) 

(107-130) 

(439-534) 

(57-72) 

(50-65) 

386 

190 

145 

466 

79 

76 

(262-478) 

(126-250) 

(123-170) 

(327-587) 

(43-92) 

(34-95) 

462 

211 

168 

401 

65 

90 

(303-634) 

(150-300) 

(139-188) 

(324-483) 

(36-94) 

(56-160) 


Cowper 





gland 




Heart 

in mg. 

Liver in g. 

Spleen in g. 

Kidney in g. 

in mg. 

20 

8.796 

1.587 

1.709 

723 

(18-24) 

(7.171-10.316) ( 

: 1.2 15-2.075) ( 

:i, 442-2. 118) 

(600-890) 

26 

10.310 

1.546 

1.805 

761 

(17-32) 

(9.585-10.720) 

(0.964-1.977) 

(1.682-1.972) 

(670-978) 

26 

10.054 

1.670 

1.668 

766 

(20-37) 

(8.496-11.242) 

(1.204-2.245) 

(1.485-1.860) 

(639-907) 

33 

10.007 

1.504 

1.818 

807 

(28-43) 

(8.068-12.298) 

(1.219-2.094) 

(1,442-2.185) 

(715-999) 

30 

10.148 

1.269 

1.821 

772 

(16-50) 

(7.351-12.043) 

(0.435-2.304) 

(1.3.52-2.146) 

(517-886) 

29 

9.583 

1.440 

1.815 

768 

(20-35) 

(8.150-11.244) 

(0.990-1.862) 

(1,569-2.020) 

(605-858) 

29 

9.580 

1.648 

1.550 

667 

(19-36) 

(7.702-11.300) 

(1,181-2.300) 

(1,273-1.824) 

(478-765) 

25 

9,973 

1.285 

1.679 

714 

(18-29) 

(9.007-12.454) 

(0.924-1.803) 

(1.482-2.050) 

(654-846) 

30 

9.223 

1.307 

1.595 

748 

(20^2) 

(8.042-10.028) 

(0.781-1.605) 

(1.492-1. 685) 

(628-866) 

19 

8.175 

1.034 

1.582 

638 

(16-26) 

(7.006-8.670) 

(0.804-1.265) 

(1.528-1.610) 

(564-756) 

33 

9.535 

1.308 

1.573 

697 

(27-39) 

(8.831-10.431) 

(0,900-1.617) 

(1.474-1.690) 

(522-887) 

43 

11,312 

1.748 

1.876 

776 

(30-54) 

(10.282-12.263) 

(1,226-2,134) 

(1,638-2.100) 

(672-848) 

34 

9,693 

1.340 

1.642 

718 

1 (29-51) 

(8.481-10.949) 

(1.042-1.930) 

(1.432-1.942) 

(566-938) 


Comparatively High Dosages on Weights of Various Organs 


Ventral Middle Epidid- Prep. Coag. Cowper’g 


Seni. vcs. 

prostate 

prostate 

ymis 

glands 

glands 

in mg. 

in mg. 

in mg. 

in mg. 

in mg. 

in mg. 

305 

197 

143 

570 

70 

09 

(155-410) 

(113-272) 

(84-179) 

(360-720) 

(02-95) 

(36-85) 

375 

229 

ISO 

541 

107 

SO 

(260-576) 

(175-298) 

(155-238) 

(430-655) 

(77-152) 

(53-131) 

253 

192 

122 

514 

103 

57 

(133-361) 

(143-239) 

(111-132) 

(433-563) 

(80-135) 

(43-74) 

1179 

380 

298 

563 

158 

207 

(725-1510) 

(272-465) 

(271-350) 

(430-671) 

(82-286) 

(150-245) 

306 

189 

158 

535 

82 

54 

(250-342) 

(163-220) 

(114-211) 

(404-680) 

(70-98) 

(40-70) 

293 

178 

131 

482 

70 

66 

(190-341) 

(140-246) 

(111-144) 

(304-540) 

(52-90) 

(54-92) 

272 

154 

113 

439 

00 

03 

(152-421) 

(83-210) 

(76-143) 

(342-479) 

(50-70) 

(2S-I20) 

269 

166 

114 

464 

67 

62 

(112-447) 

(94-223) 

(74-157) 

(343-600) 

(43-89) 

(34-98) 

URS 

414 

320 

C94 

103 

195 

('.K1,5-1424) 

(330-515) 

(214-420) 

(432-745) 

(65-129) 

(142-244) 

76S 

339 

28 1 

556 

150 

138 

(597-976) 

(298-414) 

(236-320) 

(494-695) 

(75-200) 

(6S-I75) 

1S5 

175 

122 

439 

05 

40 

(7i)-.52o) 

(122-310) 

(S5-ICS) 

(345-008) 

(45-85) 

(25-90) 

74 

96 

67 

366 

48 

20 

(46-96) 

(6I-12S) 

(49-82) 

(251-516) 

(34-04) 

(12-27) 


glands 

Liver 

Spleen 

Kidney 

Heart 

in mg. 

in g. 

in g. 

in g. 

in mg. 

30.5 

7.213 

1.298 

1.564 

879 

(19-45) 

(6.630-7.840) 

(0.871-1.655) 

(1.368-1.775) 

(646-1100) 

49 

7.360 

1.206 

1.524 

855 

(35-64) 

(6.374-9.071) 

(0.850-1.718) 

(1,305-1.734) 

(715-1070) 

34 

6.558 

1.272 

1.331 

831 

(31-37) 

(5.242-7.545) 

(0.580-1.780) 

(1.170-1.434) 

(738-934) 

73 

6.185 

0,910 

1.5U 

798 

(68-81) 

(5.789-6.490) 

(0.660-1.234) 

(1.350-1.714) 

(733-970) 

33 

6.527 

1.764 

1.378 

825 

(29-49) 

(5,907-6.960) 

(1.129-2.450) 

(1.210-1.503) 

(777-910) 

38 

C.3G7 

1.263 

1.290 

731 

(29-45) 

(4.830-7.583) 

(0.830-1.760) 

(1.076-1.545) 

(637-871) 

34 

8.211 

1.607 

1.429 

787 

(18-46) 

(7.265-9.998) 

(1.155-2.102) 

(1.318-1.535) 

(712-840) 

30 

0.439 

1.394 

1.3G0 

717 

(22-50) 

(4.S9S-7.2S0) 

(0.790-2.231) 

(1.261-1.445) 

(620-845) 

09 

5.729 

1.009 

1.381 

696 

(61-86) 

(4 760-0.259) 

(0.917-1.324) 

(1.140-1.643) 

(514-912) 

07 

7.603 

1.141 

1. 488 

805 

(54-76) 

(6.110-8.690) 

(0.683-1.498) 

(1.215-1.831) 

(670-925) 

32 

6.803 

1.333 

1.312 

795 

(24-55) 

(5.896-7.640) 

(1.035-1.850) 

(1.213-1.412) 

(621-953) 

SO 

6.721 

1.517 

1.466 

693 

(14-27) 

(6.433-7.066) 

(0.704-2.201) 

(1.329-1.590) 

(596'775) 
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It will be noted that in the table the compounds are arranged 
according to decreasing average testis weight. The most striking 
fact which emerges from a perusal of the table is that in these 
comparatively low doses only testosterone, and to a lesser degree 
methyl testosterone, cause a pronounced decrease in testis weight. 
The seminal vesicles, on the other hand, are most markedly stimu- 
lated by these 2 compounds. 

A second series of experiments is summarized in Table 2. It was 
performed in exactly the same manner as the first series except that 
the steroids were administered in bi-daily doses of 5 mg., each dose 
being given as a suspension in 0.1 cc. of peanut oil. 

It will be noted that in Table 2 the steroids are also enumerated 
according to decreasing testis size, but at this high dose level desoxy- 
corticosterone acetate is most active in causing testis atrophy. This 
we believe is due to the fact that this steroid— unlike testos- 
terone— is entirely devoid of any direct spermatogenic action. Thus 
its ability to produce gonad atrophy, by inhibiting hypophyseal 
incretion, becomes more and more evident as the dose increases. 
By comparing the average weights of the testes in the various 
treated groups with the non-injected controls (Group 4 in Table 1) 
it will be noted that none of these compounds succeeded in enlarging 
the testes above their normal weight. However, it may be said in 
confirmation of our earlier findings, quoted above, that high doses 
of testosterone do not cause such marked testis involution as may 
be obtained by comparatively small doses. It will also be observed 
that the seminal vesicles are most markedly stimulated by testos- 
terone and methyl testosterone, then follows dehydro-?.90-andros- 
terone. This is in agreement with the results of similarly conducted 
experiments in castrate rats.® On the other hand, desoxycorti- 
costerone caused very pronounced involution of all the male acces- 
sory se.x organs. It will be noted that in the case of most other 
steroids the average size of the seminal vesicles, though ratlier 
variable, is not very different from that of the not injected controls. 
This is probably due to the fact that in most cases the decrease in 
endogenous te.stis hormone production, which results from the Ley- 
dig cell atrophy produced, is approximately compensated for by the 
testoid action of the compounds in question. 

The thymus underwent particularly pronounced atrophy follow- 
ing treatment with the 3 most active testoid compounds (Gpds. 4, 
0, 10) as well as following injection with desoxycorticosterone 
acetate. It will be noted that the other steroids did not cause any 
significant loss in thymus weight in this experimental series of 
comparatively short duration. It should be einjdiasizcd. however, 
that iti the ease of more chronic treatment all hormonally active 
steroids so far examined cause some thymus involution." 'f’iie eoin- 
I)arative irrcs]K)nsivenc-ss of the thymus in such short-term experi- 
ments is especially noteworthy as it represent.s a goofi e-xainjile of 
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the difference in the speed Avith Avhich the steroids induce changes 
in different organs. The sex organs and the adrenals (the latter 
undergo involution under the influence of corticoids and enlarge- 
ment after treatment with folliculoids) respond very quickly, AAdiile 
the thymus is more sluggish and the other organs mentioned in our 
tables show almost no change Avithin 2 Aveeks although numerous 
experiments performed in this as well as in other laboratories^ 
show that after 3 or 4 Aveeks of treatment CA-'en much smaller doses 
of testoids cause enlargement of the kidney, spleen, heart, liver and 
pancreas as well as an increase in total body AA^eight. 

Histologic examination of the testes of all animals in both the 
above-mentioned experimental series revealed that, irrespective of 
the specific types of their main activity, all hormonally active com- 
pounds used in these experiments caused some degree of Leydig 
cell involution. This was particularly pronounced in the 10 mg. per 
day series and was roughly proportional to the dose used. The 
average degree of atrophy in each group is indicated in Table 3 by 
a scale in which “0” indicates the normal condition and “+ + ++’’ 
the maximum degree of Leydig cell atrophy. In this table the com- 
pounds are enumerated according to increasing Leydig cell size. 

Testosterone and methyl testosterone proved to be by far the 
most acth^e compounds in this series as far as production of Leydig 
cell atrophy is concerned. It must be kept in mind, hoAA^ever, that 
the folliculoid estrane derivatives (not represented in this experi- 
ment) are even more potent in this respect. All other hormonally 
active steroids Avere likeAvise endoAA'^ed AAuth A^arying degrees of the 
anti-Leydig cell effect, AAdiile the tAAm groups receiA’ing hormonally 
inactive steroids (cholesterol and pregnanedione) possessed Leydig 
cells identical with those of the not injected controls. This clearly 
indicates tliat the daily handling of the animals and the injection of 
oily solutions of steroid compounds, as practiced in these experi- 
ments, does not suffice to damage the Leydig cells. The obser- 
vations confirm the generalization previously made on the basis of 
a smaller group of steroid compounds^ namely that all hormonally 
active steroids exhibit folliculoid actions. 

It AAdll be recalled that some pharmacologic properties of follic- 
uloid estrane derhmtives are inhibited by simultaneous treatment 
AA-ith steroids belonging to other pharmacologic groups. Thus the 
vaginal cornification, the iiiA-olution of the seminal epithelium and 
the enlargement of the adrenal cortex caused by estradiol may all 
be inhibited by simultaneous administration of such compounds as 
progesterone or testosterone. Desoxy corticosterone inhibits the 
vaginal cornification and the adrenal enlargement but not the in- 
volution of the testicular tubules. Other pharmacologic actions of 
the estrancs are not inhibitable by simultaneous treatment AA'ith 
steroids belonging to different pharmacologic groups. The anti- 
Leydig cell effect, the anti-castration cell effect, as well as the pro- 
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duction of thymus atrophy belong to this category of the “non- 
inhibitable” folliculoid actions. It is evident that even if the above- 
mentioned theory is correct and all hormonally active steroids are 
endowed with a certain degree of folliculoid potency, those follic- 
uloid effects which are inhibited by other steroid hormones will not 
necessarily be manifest in every compound since other hormonal 
actions of the same steroid molecule may mask these inhibitahle 
folliculoid effects. The production of Leydig cell atrophy, on the 
other hand, which is a non-inhibitable effect, should be demonstrable 
according to the theory in the case of every hormonally active 
steroid irrespective of tlie specific nature of its other hormonal 
actions. The present experimental series clearly proves this to be 
the case. It also proves that although the 2 most active testoids 
were most potent among the compounds examined with regard to 
their ability to produce Leydig cell involution, this action is not 
a function of their testoid potency since desoxycorticosterone, 
which possesses no testoid effect is more active than androstenediol 
although the latter is definitely testoid. Considering that in the case 
of folliculoids (estradiol, estrone, estriol) a few gamma per day 
suffice to cause Leydig cell involution, it appears justified to regard 
this effect as subordinate to the folliculoid action. It will be noted 
that since the anti-Leydig cell effect is non-inhibitable it serves as a 
valuable aid for the estimation of the degree of folliculoid potency 
in testoid, luteoid, corticoid and spermatogenic steroids in which 
most other folliculoid actions are usuallj- masked. 

Until recently the folliculoid potency of a compound was usually 
estimated by a determination of the minimum dose capable of pro- 
ducing vaginal cornification in the spayed rodent. However, since 
this effect is inhibited by the other hormonal actions of many 
steroids, it is no indication of true folliculoid potency. Using the 
anti-lA?ydig cell effect as a gauge of the true folliculoid power of 
steroids, our compounds should appear in Table 3 in decreasing 
order of this activity. The ability of steroids to prevent the develop- 
ment of castration ceils in the pituitary of gonadectomized male or 
female rats, and their ability to cause thymus involution arc also 
good indicators of folliculoid potency since they arc also non- 
inhibitable by other steroid hormone actions. It is gratifying to 
note that if tlie above-mentioned .steroids are arranged according lo 
decreasing activity in the latter two tests, the order is approxi- 
mately the same as that given in Table 3.= 

The testis atrophy caused by comparatively small dosc.s of 
testosterone proved to result from the dcgencnition of the spenna- 
togenic cells. This effect is not due to the “male hormone” activity 
of the compound since mo.st other te.stoid substancc.s arc pnicti«dly 
free of this action at any do.^e level, while estrariiol and dcsoxycorti- 
costerone acetate are very active in this rc.spcct although they arc 
not testoid. 
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Table 3.— Leydig Cell Atbophy Caused by Various Steroids 


Testosterone 

Methyl testosterone 

Progesterone 

Dehydro-tso-androsterone . 
Ethinyl testosterone 
Pregnenolone .... 
Androsterone .... 
Androstenediol .... 
Desoxycorticosterone acetate 
Acetoxy pregnenolone . 
Pregnanedione .... 

Cholesterol 

Not injected 


Dosage 


1 mg. 

10 mg. 

per day 

per day 

+ + + 

+ + + + 

+ + + 

+ + + + 

+ 

+ + + 

+ 

+ + + 

+ 

+ 

0 

+ + 

+ 

not tested 

+ 

+ 

+ 

+ 

trace 

trace 

0 

0 

0 

0 

0 

0 


Summary. The effects on organ structure of various sjuithetic 
steroids have been studied in intact male rats. 

The most important result obtained from these investigations 
was the finding that all hormonally active steroids cause involution 
of the Leydig cells in the testis. This is true of compounds whose 
predominant hormonal action is folliculoid (estradiol), testoid 
(testosterone, methyl testosterone), luteoid (Progesterone), corticoid 
(desoxycorticosterone acetate) or spermatogenic (pregnenolone). 
Generally speaking, the activity decreases in the order in which 
the compounds are mentioned here. It is noteworthy, however, 
that when calculated per milligram of substance the folliculoids are 
very much more active in this respect than hormones belonging to 
any other group. This observation adds further support to the 
theory that actions exhibited to a particularly marked degree by 
folliculoids, are demonstrable— at least in traces— in all hormonallv 
active steroids. That is to say a certain amount of folliculoid (or 
“estrogenic”) potency is a characteristic and an inherent property 
of all steroid hormones. 

It is almost certain that the Leydig cell involution is not a direct 
effect of these steroids but secondary to their power to inhibit 
pituitary gonadotropic hormone secretion. Yet this indirect action 
is an especially valuable indicator of folliculoid potency because it 
belongs to those few pharmacologic properties of the folliculoids 
which are not inhibitable by simultaneous treatment with steroids 
belonging to other hormonal groups. Hence no matter what the 
main activity of a steroid may be, it is not likely to interfere with 
this particular folliculoid effect. Thus in the present experimental 
series the Leydig cell atrophy produced by various steroids was 
used for the estimation of their folliculoid potency. 

The tubular damage elicited by comparatively small doses of 
testosterone js not due to the testoid (or androgenic) effect of this 
compound, since most other testoids fail to cause testis involution 
at any dose level. 
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The action of the steroids on the structural appearance of 
numerous other organs has also been tabulated. 

The expenses of this investigation were defrayed by the Blanclie E. Hutcliinson 
Fund of McGill University. The authors are especially indebted to Dr. E. Schwenk 
of the Schering Corporation of Bloomfield, N. J., for supplying most of the steroids 
used in this work. The androsterone was kindly supplied by the Ciba Pharmaceu- 
tical Products, Inc., Summit, N. J. 
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the lowliest unicellular organisms to the complexities of modern societ}', 
studies mostly presented by Chicago scientists. Such titles as “The 
Transition From the Unicellular to the Multicellular Individual” (L. H. 
H 3 Tnan), "The Transition From the Individual to the Social Level” 
(H. S. Jennings); “Basic Comparisons of Human and Insect Societies” 
(A. E. Emerson), “Societies of Monkej's and Apes” (C. R. Carpenter); 
“The Societies of Primitive Man” (A. L. Kjoeber) indicate the range of 
subject matter and authors. While some parts will obviouslj’ appeal to 
biologists, others to anthropologists, and others to sociologists, the value of 
such presenUstatus books, like those of the Harvard Tercentenarj- and the 
Pennsylvania Bicentenarj’^ celebrations, is self-evident. 

It will be recalled that the previous volumes of this series of Biological 
Symposia were on The Cell; Species; Muscle; IBiochemistrj'; and miscella- 
neous topics such as Temperature; Visual Mechanisms, etc. 

E. K 


Ornithologists of the United States Army Medical Corps. By 
Edgar Erskine Hume, Col., M.C., U.S.A. Pp. 583; 109 illustration.^ 
Baltimore: The Johns Hopkins Press, 1942. Price, So.OO. 

This interesting volume brings together for the first time the contribu- 
tions to ornithologj'' of workers of the United States Army Medical Corps. 
To some it will come as a surprise that armj' surgeons should have played 
a part in the development of American omithologj’. That thej' did largeh' 
depended^ upon the inspiration of Prof. Spencer Fullerton Baird of the 
Smithsonian Institute. Through his efforts Army surgeons sent into the 
undeveloped West were chosen with a view to "their capacitj’ to act as 
scientists, in addition to the performance of their routine duties. The 
greater part of the book is devoted to the 19th centurj', when advance in 
ornithologj' was rapid. A list of ornithologists in the Aimj’ Medical Corps 
after the World War is appended. 

The book is well organiaed, satisfactor% illustrated and filled with 
entertaining anecdotes concerning such famous ornithologists as Ca.ssin, 
Heermann, Coues, Cooper and Means— names familiar to all present-day 
ornithologists. ^lanj' lesser lights are also treated in the 30 biographies 
that are included. The book is of value as a group of biographic sketche.s, 
rather for those intere.sted in the histoiy of the ikmcrican Sciences than for 
contemporarj’ ornithologists or army surgeons. It gives the less specialized 
reader a fascinating picture of a little known part in the cultural and 
scientific growth of the United States. D. C. 


Edinburgh Posv-Gn.\Du.\TE Lectures in Medicine. Vol. II, 1940-41. 
ThirH'-three contributors. Pp. 540; .'jcveral figures. Edinburgh and 
I/mdon; Published for Honyinnn Gillespie Trust b\’ Oliver & Boj'd, 
1942. Price, 12/G net. 

The 33 lectures presented in this volume perfonn a variety of functions. 
They afford an up-to-date review of some of the intellectual background of 
medicine which ha.s frccpientl.v grown dim in the mcinorj' of the practi- 
tioner. Lectures in which this cultural influence dominates inrhidcs: 
Contributions of Genetics to Medicine; The Basis of Temperament; The 
Significance of Fear; Inspection; Ph\-siological Ajiproach to Mwheal 

Problems. , . 

The majoritj' of the lectures present the practical asjiects of .‘^ciccic<i 
topics. At le.ast 17 of them deal with problems relating to .‘■iirgcrj' or to 
war medicine,ficlds in which British medical opinion is welcome. 3 he writer- 
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are authorities in their respective subjects and know how to use the English 

language. . t -j i. n 

The book will not replace textbooks and scientific articles. Incidentally, 

it raises the question of the relative value of collected lectures vs. lectures 
scattered in the medical journals. It will review technical knowledge and 
add to the perspective of medicine as postgraduate education should. 
Finally, the most valuable service of this volume ^yill be to provide a few 
very pleasant evenings for the progressive physician. F. L. 


Plastic Surgery of the Breast and Abdominal Wall. By Max 
Thorbk, M.D., LL.D., F.I.C.S., F.I.C.A., K.L.H. (France); K.C.I., 
C.O. St. Alex., Medal of Hon. Rep. of Venezuela; Professor of Surgery, 
Cook County Graduate School of Medicine; Attending Surgeon, Cook 
County Hospital; Surgeon-in-Chief, American Hospital of Chicago; 
Fellow (Honoris Causa), Surgical Society, Sofia, Bulgaria; Corr. Academi- 
cian, Mexican Academy of Surgery; Fellow, National Gastroenterological 
Society; Corresponding Member, Soci4t^ de Chirurgiens de Paris; Royal 
Academy of Medicine, Torino, Italy; Surgical Society, Madrid, Spain; 
Sociedade das Sciencias Medicas de Lisboa, Portugal; Fellow, National 
Academy of Medicine, Columbia, South America; Honorary Fellow, 
Peruvian Academy of Surgery; Honorary Fellow, Egyptian Medical 
Association, Cairo, Egypt. With an Introduction by Rudolf Nissen, 
M.D., F.I.C.S., and a Foreword by J. Eastman Sheehan, M.D., F.A.C.S. 
Pp. 446; 458 illustrations. Springfield, 111.: Charles C Thomas, 1942. 
Price, $16.50. 

This volume represents an exhaustive presentation of the standardized 
procedures on plastic surgery of breast abnormalities and reconstructive 
surgery of the abdominal wall augmented by the author’s researches and 
original technique. Instructive chapters on the anatomy, physiology, 
pathology, embryology and racial characteristics of the breast supplement 
the surgical considerations. The well-trained general surgeon desiring to 
add this special field to his activities, as well as the specialist wishing to 
possess a complete reference volume dedicated to this subject exclusively, 
will find this book worthwhile. The surgeon is enabled to acquaint himself 
with the various technical details demanded by the particular case in point. 
The outline of surgical technique is meticulous and yet not elementary. 
The profusion of excellent illustrations greatlj’- enhances the understanding 
of the text. The chapters devoted to the problem of breast hypertrophy are 
jiarticularlj'^ valuable. Chapters on other correlated subjects such as scar 
and keloid formation, plastic operations following surgical removal of the 
breasts and diseases of the nipples are also included. L. S. 


Pulmonary Tuberculosis and Its Treatment. By Hans Jacob 
U sTVEDT, M.D., First Assistant Physician to the State Hospital, Oslo, 
translated by A. L. Jacobs, M.R.C.P. Pp. 252; 45 figures, 11 graphs, 
2 tables. London: John Bale & Staples, Ltd., 1942. Price, 25/- 
This book is dmded into 5 chapters. The 3 chapters dealing with 
tuberculous infection, with phthisis and with the treatment of clinical 
puhnonarA' tuberculosis are relatively long and detailed. The chapter on 
nnharj' tuberculosis is short for obvious reasons and the final chapter on 
projihylaxis is verj’' brief. 

Scandinavian investigators have made many noteworthy contributions 
in the tuberculosis field. Due to distance and to language difficulties their 
work IS not as well known to the American phthisiologist as it deserves to be. 
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Apart from the actual medical value of this book, the presentation in a 
compact form of the results of reported papers that were published in 
Norwegian, German and French as well as in English, making available 
the work and theories of leading Scandina\dan tuberculosis specialists, is a 
worthwhile contribution to English medical literature. It must be pointed 
out that both the theories and the findings reported bj' Dr. Ustvedt are 
frequently at variance with commonly accepted theories and investigative 
results of tuberculosis workers in the United States. The incidence of 
erythema nodosum, the remarkably high incidence of clinical tuberculosis 
immediately following first infection, and disbelief in the importance of re- 
infection (or superinfection) may be cited in this regard. Accordingly, this 
book cannot be recommended for the beginning student of tuberculosis in 
the United States but it should be in the hands of everj' adi’anced student 
of this disease. H. H. 


Introduction to Parasitology. By A. S. Pearse, Professor of Zoology, 
Duke University. Pp. 357 ; 448 figs. Springfield, 111.; Charles C Thoin.as, 
1942. Price, -83.75 

As a phase of natural history', adaptations to the parasitic habit arc 
interesting reactions of organisms to their environment, and undoubtedly 
study of such reactions should form part of training in Biology'. 

But one wonders that it should be necessary' to place so much emphasis 
on organisms that are parasitic in man in such courses, and one is surprised 
that independent courses in parasitology' should have become so common in 
college curricula. Is this the result of student demand, of efforts to pre- 
pare students for jobs in public health laboratories, or simply an ea.sy 
way' for zoology' departments to pro\'ide interesting material? Wiy not, 
then offer bacteriology' or histology' and omit altogether any' consideration 
of the life histories and interrelationships of the animals and plants which 
make up our enwronment? These remarks are not offered in critici.«ni_ of 
Professor Pearse’s book, which is indeed an excellent introduction and guide 
to the study' of animal parasites. It is to be regretted, hois’cver, that the 
author considered emphasis of parasites of man necessary or that treatment 
be described. For there he is incomplete and sometimes inaccurate. The 
book cannot be recommended as an aid to physicians or medical students; 
but, they' too vtII find in it much that will interest, as it includes a much 
wider field than parasitic organisms of men. H. R. 


PnV.srCAL ChEMLSTRV for StUDE.N'T.S of BiOCRE.ULSTRV A.VD MEDiei.VE. 
By Edward S. West, Pii.D., Profe.-^sor of Biochemistry' and Medicine 
in the University of Oregon Medical School. Pp. 308; 32 tables, many 
figure<. New York: The Macmillan Company, 1942. Price, .85.75. 
Thls textbook, as the title implies, is planned entirely for students of 
Medicine and Biology. Not only has the general subject matter beeii 
chosen with this in ^^ew but examples of the various theori^ discus-ed 
have i)eon .selected from the field of biology. Since it is a text intended for 
a special group of student.=, many of the subjects usually covered in a text- 
book of Physical Chemistiy l)avc been omitted. The subject inatter i' 
discussed under the following chapter he.adings; Introduction. The .<tnic- 
(ure of Matter and Some Fimrhnwnta) Chemical Principh^, Gases and 
Solutions, Osmotic Pressure, Electrolytic Dissf)ciation and the Ma" 

Acids. Bases, ami Buffers, The Determination of pi I, The Colloidal .''tate 
and Membrane I’hcnomcna. Oxidation and Kwluction, The Velocity of 
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Reactions. At the end of each chapter is a set of questions and a brief 

list of references. , . , . . 

The author has succeeded in presenting a subject, which is frequently 
difficult for students of Medicine, in an exceedingly clear manner but in 
so doing, there has been no attempt to avoid the more difficult topics. 
Considerable space is devoted to the modern viewpoints on atomic struc- 
ture, valence, radioactive and isotopic elements, acids and bases, iso- 
electric points of proteins, etc. 

Although probably being more physics than chemistry a chapter on pho- 
tometry and the fundamentals underlying the use of the photoelectric 
colorimeter and spectrophotometer could have been included in the opinion 
of the Reviewer. This suggestion is made because these instruments and 
methods are being so widely and commonly used in biological and clinical 
chemistry. 

This book should be ideal as a text in a short course given to pre-medical 
and other students not primarily chemists. It should also find use as a 
supplementary text in courses in biologic chemistry. For these purposes 
it is highly recommended. J. J. 


Recent Advances in Medicine. By G. E. Beaumont, M.A., D.M. 
(Oxon), F.R.C.P., D.P.H. (Bond.), Physician to the Middlesex Hospital; 
Physician to the Hospital for Consumption and Diseases of the Chest, 
Brompton; Lecturer in Medicine, Middlesex Hospital Medical School; 
Sometime Radcliffe Traveling Fellow, University of Oxford; and E. C. 
Dodds, M.V.O., D.Sc., Ph.D., M.D., F.R.C.P., F.I.C., F.R.S.E., Cour- 
tauld Professor of Biochemistry in the University of London ; Director of 
Courtauld Institute of Biochemistry, Middlesex Hospital; Pathologist 
to the Royal National Orthopoedic Hospital. Tenth Edition. Pp, 
440; 45 illustrations. Philadelphia: The Blakiston Company, 1941. 
Price, S5.00. 

Like other “ Recent Advances,” the contents of this book belie the title 
in, perhaps necessarily, including much that could not be called recent. 
For instance, the article in cardiac arrhythmias begins with Potain and 
McKenzie and gives a classical description, with illustrations, of the various 
arrhythmias. Comparison with the ninth edition shows that the authors 
have not been idle._ “The most important changes are as follows; The 
description and clinical applications of the sulphanilamide drugs have been 
brought up to date in Chapter I and an article on sulphathiazole included. 
In Chapter II the vitamin B section has been largely rewritten. The 
descriptions of Autamins E and K have been amplified and a new article 
written on vitamin P. The use of concentrated blood serum as a diuretic 
is described in Chapter III. The methods of treatment of diabetes mellitus 
have been amended in Chapter W and fuller details given of the pre- and 
postoperative care of the patient suffering from this disease. A note has 
been included on lipocaic. The article on gastroscopy in Chapter VI has 
been expanded and brought up to date. Chapter VII is a new chapter 
dealing with the treatment of Addison’s disease. Notes have been added 
to Chapter X on stilbocstrol and hexoestrol. New articles have been 
written in Chapter XII on electro-encephalography and the use of sodium 
diphenjd-hydantionate in the treatment of epilepsv. Additions to Chap- 
ter XIV include descriptions of sternal puncture, heparin and plasma 
transfusion. The subject of the macrocytic anaemias has also been brought 
up to d.ate. The method of the estimation of plasma prothrombin has been 
included 111 Chapter X\ and certain methods which are le.'^s frequeutlv 
eiiiploycd have been omitted.” The chapter on Basal Metabolism has beeb 
omitted. WTr 
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A CURRICULTJJI FOR ScHOOL OF MeDICAL TECHNOLOGY. Bj' ISRAEL 
Davidsohn, M.D., Director of Laboratories and Pathologist, Mount 
Sinai Hospital, Chicago; and Assistant Professor of Patholog}’, College 
of Medicine of the University of Ilhnofs. Second Edition, revised. Pp. 
47. Recommended by the Board of Registrj' of the American Society 
of Clinical Pathologists, 1942. Ball Memorial Hospital, Muncie, Ind. * 
Standardization is an important need in the efficient training of medical 
technologists. This outline, as an excellent guide for schools of medical 
technology would greatly aid in this standardization. 

The use of this curriculum m all schools should minimize the inadequacies 
of present methods and result in making technology a professional training 
rather than a haphazard apprenticeship which it has been in many schools 
of medical technology. Pathologists and technologists alike would find 
training in one of these schools more adaptable to their varied needs. The 
listed references are a thorough guide to procedures and are convenient for 
trained technicians as well as students. I. B. 


Neural Mechanisms in PoLiom-ELiTis. By Howard A. Homt:, iM.U., 
Associate in Anatom}', The Johns Hopkins University, Baltimore, Md., 
and David Bodian, Ph.D., M.D., Assistant Professor of Anatomy, 
Western Resen'e Uni^'ersit}', Cleveland, Ohio. Pp. 234; 58 illustrations. 
New York: The Commonwealth Fund, 1942. Price, S3.50. 

The studies on poliomyelitis herein collected have gained a wide reputa- 
tion as being among the most important of the contemporar}’ e.xperimental 
attacks upon the disease. A reading of this book makes it obvious that the 
distinction rests firmly on the fact that the e.xperiments have been planned 
out of a broad consideration of the disease, as it affects the individual, and 
as it is spread from one indiridual to another. 

As a result of their comprehensive obsen’ations, the authors are now able 
to trace the main aspects of the hosMdrus relationships in monkeys and the 
higher apes. In the higher apes when the rinis has been placed on the 
mucosa of the oro-phai}mx or gut, it spreads up the neiwcs which supply the 
region, either sensor}’ or motor, to reach the central ners’ous s}’stem. By 
critical experiments they show that the rirus travels up the axonal tissue, 
rather than the nen-e h’mphatics, at a rate of 2 to 3 mm. per hour. Having 
reached the central nen-ous system, either the brain or spinal cord, the 
virus again follows along neuronal pathways, showing an apparent prefer- 
ence for the short-chain tracts. There is some reason to believe that the 
virus can multiply at the neuronal junctions. 

The further .spread ivithin the central nen’ous s}’stem depends in part 
ujion the local concentration of virus entering an area b}’ ivay of converging 
infected neurones, and in part upon the inherent susceptibility of the neu- 
rones. Some of the iier^’c celts of the central nervous system are rclativcl}' 
immune to the -vims. 

Apart from these native difference^ in .susceptibility a change may Im 
brought about by other factors. Previous infection renders the cell immune, 
but the immunity to subsequent infection apparently applies only to the 
same strain of rinis and not to other strains. In the c.asc of the peripheral 
axonc, changes induced by repeated section or freezing of the ncn’cs prevents 
the transmission of vims up the axonc. • i -i 

Since the spreading vims leaves a trail behind it, and since that trail 
differs, especially in the early stages, depending upon the route of inocula- 
tion, the location of Ic-sions within the central nen-ous system rnny reveal 
tlie route bv which the vims entered the nen-ous .sy-stem. Obscn-ation-; of 
this kind on human material have great importance for a .■solution of the 
firoblcm of how the vims reaches the centers. 
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It has long been held that poliomyelitis travels up the olfactory nerves 
into the brain. This view, the authors show, is too narrow, and in the 
human case, may be incorrect. Their human material indicated clearly a 
spread from non-nasal pathways, either from the oro-pharynx or the gut. 
These observations, coupled Avith the recent findings of virus in scAvage and 
feces, suggest that in man, poliomyelitis is primarily a gastfo-intestinal 
disease, a vieAv once held, but rejected by the experimental finding in the 
rhesus monkey that spread occurred from the nasal mucosa up the olfactory 
bulbs. Hoav the virus lives in the gut and its Avail is still unsettled. 

Quite obviously the conclusion based on the distribution of the lesions, 
that the human is infected via the gut is_ of major importance, and this 
demonstration is one of the chief contributions of this work. G. G. 


Red Cross Home Nursing. By Lona L. Trott, R.N., B.S., Assistant 
Director, Health Education, Red Cross Nursing Sendee. Pp. 430; many 
figures and illustrations. Philadelphia; The Blakiston Company, 1942. 
Formerly, American Red Cross Textbook, Home Hygiene and Care of 
the Sick. Price, S.75. 

The Red Cross Home Nursing Book recognizes the mental and emotional 
sides of man’s life in keeping him happy to the extent of stressing common 
sense values and modes of living. 

Unit I is devoted to “Health and Happiness in the Home” AV'ith the basic 
concept of sound emotional health. 

Unit II— “Hoav the Community Protects the Health of the Horae and 
Family,” stresses the concept of man’s sociability, i. e., inasmuch as he is 
a gregarious type, certain rules and regulations must be foUoAved for the 
good of the Avhole. Thus the part played by the County Board of Health, 
National organizations and their many branches is discussed. It raises 
the subtle feeling as to Avhether or not your community has access to all it 
might (and inquisitiveness in the right direction is a healthful sign in our 
democracy). 

Unit HI— “Hoav to Take Care of Mother and Baby,” is an excellent 
section. Language is clear and simple; and careful, adequate instructions 
are given. The book at this point is beginning to stress more fully the 
ph 5 'slcal side of man’s life. 

Unit IV— “ViTiat to do Avhen Sickness Invmdes the Home,” is the section 
tlie reader has been Avaiting for from the title of the book. Here again, 
common sense and a calm emotional outlook are the factors most stressed. 
Simple yet effective methods of care and treatment are given— still in the 
clear, concise and simple language that is an outstanding feature of the 
book. Simple diagrams and constructive pictures add to easy readability 
and interest, and help in illustrating certain points to be stressed 

E. F. 


The MEmc.\L Clinics of North America C\^o 1. 26, No. 5, Boston Num- 
September 1942. Pp. 306; many illustrations. Philadelphia: 

W. B. Saunders Company, 1942. Price, 5 'ear, S6.00 

This issue is a sjunposium on specific methods of treatment and lists 
among its contents articles on the present status of sulfonamide therapy 
\ vtamins, the treatment of common forms of heart disease, hAmertension 
asthma sinusitis, loAv back pain and the lumbosacral joint, the infectious 
arthritides, poliomyelitis, anemia and peripheral A-ascular diseases ARo 
to be found are pertinent articles on common laboratorj- aids to diagnosis 
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and treatment, principles of refraction, tropical medicine in the United 
States today and psychiatrj'^’s role in the preA'ention of neurosis. 

The use of the sulfonamides engages a large and important portion of the 
contents and js presented with dosage, blood concentration and evidences of 
toMcity. It is questionable as to whether or not the use of the sulfonamides 
is indicated throughout the entire course of an attack of scarlet fever in 
view of the extremel}’' mild character of this disease at the present time 
In the treatment of cardiac asthma, the author states that ouabain may be 
given provided that no drug of the digitalis series has been used for at least 
two weeks prior to the attack. This seems overlj’' cautious. This Re\iewer 
feels that it should depend upon the amount p^e^^ously administered. The 
account on tropical medicine shows the striking inadequacies of our knowl- 
edge in this field, a state of affairs which currently is being remedied in our 
medical schools. The article on peripheral vascular diseases is outstanding. 

This issue of the Medical Clinics of North America is timelj', well written 
and contains an e.xtensive bibliography. It is worthj’^ of the high standards 
of previous articles emanating from this center. L. S. 


Blood Grouping Technic. By Fritz Schiff, M.D., Late Chief of the 
Department of Bacteriology, Beth Israel Hospital, New York, and 
WiLLiAii C. Boyd, Ph.D., Associate Professor of Biochemistrj% Boston 
University. Pp. 248; 112 illustrations. New York: Interscience Pub- 
lishers, Inc., 1942. Price, So.OO. 

This book furnishes an unusually complete, often unnecessarily detailed, 
account of all subjects related to the human blood groups. The subdivisions 
of the text include a discussion of such factors as M, N, P and Rh, the use 
of these factors in disputed paternity, the study of blood stains and other 
secretions and a consideration of the part which the blood groups play in 
anthropologj'. The text is well illustrated with charts and graphs. 

W. B. 


NEW BOOKS 


Medical Parasilologij. B}' Ja.mes T. Culbertson, Assistant Profe.«or of 
Bacteriologj', College of Physicians and Surgeons, Columbia University. 
Pp. 301; 19 plates. New York: Columbia University Press, Morning- 
side Heights, 1942. Price, S4.25. 

Tile subject mutter of this book is divided into two main sections: (1) General 
Considerations, of C9 pages, in which are discussed infection, epidcmiolog}'. 
natural resistance and acquired immunity, diagnosis, specific therapy and liro- 
phylaxis; and (2) Infection caused by animal parasites. An npjiendi.x of terhniral 
methods, a list of "books for reference" and an index arc included. Bilhin 
certain limits this text is a reasonably adequate rex-iew of the field, but there is 
abundant ex-idence of hurried preparation. Many statements are indefinite, 
many sections are incomplete, and this is due not so much to limited .space as to 
failure to condense material and to Ixi concise. The Ixxjk cannot lx; recommended. 


Formtdary and Handbook. John.s Hojikins IIo.?pital. Pp. 2.53; mnnj' fahk”:^. 
Baltimore, Md.: John D. Luc-os Companx-, 1942. I'rice, .$2.00. 

This is a remarkably useful booklet. It includes a practically complete b'*' 'j' 
essential drugs and biologic.al prep.arations neecied in the practice of mixlicine wiin 
a brief discussion of the compo.sition, therai»eutic indications and df«ige ol 
Vdditional interest is provider! by the inclu.don of a largo numlx;!- of the mo"” 
iiwd in the Johns Hopkins Hospital. The material is made e.yil.v 
onlv bv an excellent index but by cl.as.sification aecoiding to fi-Id of ; 

‘•■uc'h as skin, eve. hematopoietic system, etc. The Ixaok is highly irconinn ndf 1 
all who are not already letter-fx'rfect in their knowledge of themixaitic 
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CHILDHOOD PNEUMONIA 

Durin'g the past few years great progress lias been recorded in man’s 
knowledge and therapeutic control of the acute infectious diseases of the 
lungs so prevalent in temperate climates. For a discussion of the com- 
plete pattern of pneumonia as it appears to contemporary eyes the 
reader is referred to several critical books and articles.'®'’^^'‘'^-®®'’“ The 
present review restricts itself to a presentation of some of the impor- 
tant recent advances in our understanding of acute pneumonia as this 
disease is observed in the field of pediatrics. 

Identification of the Infective Bacterium. Careful studies of child- 
hood pneumonia have shown that the correlation betivcen organisms 
isolated from the nasopharyn.x and those later cultured from blood, 
lung punctures, empyema fluid, pus from the middle car and cereliro- 
spinal fluid is much higher than with bacteria recoverable from the 
throat.'*'®’*^'*’-’''''' Nasophar.vngcal mucus therefore is preferred to 
material obtained on pharNTigeal swabs when searching for the causa- 
tive bacterium in a child with pneumonia. Several special techniqut's 
have been developed for the purpose of obtaining good .specimens for 
accurate ti^^ping. Auger® described an apparatus consisting of a .50 ec. 
glass sjTinge connected b.v a short length of stiff, perforated tubing to 
a narrower rubber tulie which can be inserted through the nare.s up to 
the adenoid area. By plugging the perforations with the fingertips 
when applying suction with the syringe piston, and releasing same on 
the instroke, a quantity of .sputum adequate for identification is easily 
obtained. Alc.xandcr* recommends a sterilized G inch swab made of 
fine copper vdre with a cotton pledget rolled about one roughened tip. 
This is inserted into the narcs, permitted to become moistenetl with 
secretion and then pushed backwards with a slow twirling motion until 
the posterior pharyngeal wall is encountered. The swal) is left in pf)st- 
tion for about .5 seconds to collect mucus, and then quickly witlitlrawn. 
It is next placed in 0.2 cc. of pnciiinococcus blood broth and set irntm- 
rliatelv to the laboratory where the adherent mucus is freed before the 
swab Ys removed ami disciirdeti. The broth is u.-^cd ('«) to prepare 
poured plates, (/>) to inoculate a blood agar plate and a 3 cc. tube of 
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blood broth, and (c) lastly for direct typing by the Neufeld method. 
When direct, typing fails the blood broth will usually yield organisms 
ready for typing after 3 to 5 hours of incubation. The poured plates 
are prepared early in order to save time in detection of Streptococcus 
hemolyticus when present. Alexander states that if the above procedure 
is followed carefully the type of organism can be detected accurately 
in nearly 100 % of cases of pneumococcus pneumonia. Staphylococcus 
aureus and Streptococcus hemolyticus become evident in the poured 
plates after 24 hours. If the presence of H. influenza is suspected, 
diagnostic rabbit sera specific for the two types A and B should be used® 
in a typing procedure identical with that used for pneumococci. 

Atypical Pneumonia. During recent years an unusual type of pneu- 
monia that differs from lobar pneumonia and the more common types 
of bronchopneumonia has been described in epidemic form from various 
parts of the United States and Great Britain. The first reports were 
published by Bowen^® from Hawaii in 1935, and by Gallagher®® from a 
boys’ school in Connecticut in the same year. Other outbreaks have 
been described among the students at the University of Oregon,®® 
Cornell University®® and Harvard University,®® at a boys’ school in 
Massachusetts,®®" at a girls’ school in northern Virginia^ and also within 
the population at large.^®'^®'®®"'®® Though the term “ virus pneumonia” 
has been applied to the entity because of absence of positive bacterio- 
logic findings and refractoriness to sulfonamide therapy, this designa- 
tion has been severely criticized on the ground that no virus factor 
has as yet been demonstrated as the causal agent. 

The designation “Primary Atypical Pneumonia Etiology Unknown” 
has been selected by the Commission on Pneumonia for reporting of 
this disorder within the U. S. Army.®® From the standpoint of clinical 
recognition certain features are of importance. The onset is gradual 
over a 2 to 5 day period, with malaise, mild headache, low fever, hoarse- 
ness and soreness of the throsit, intractable dry cough and muscle 
aching. Physical examination at this stage demonstrates merely the 
signs of an upper respiratory tract infection, with occasional minor 
lung changes such as a few scattered subcrepitant rales or partially 
suppressed breath sounds over the lower lobe. The spleen tip is some- 
times palpable. According to Daniels,®® the cough, which is dry, metallic, 
non-productive and often paroxysmal, is so characteristic as to be almost 
pathognomonic. The blood count may show an actual leukopenia, 
though usually the leukocyte count at this stage is not above normal. 
Sputum examinations fail to yield pneumococci in significant numbers. 
The most striking findings are those of Roentgen ray. Chest films reveal 
a more extensive pneumonic process than would be suspected from 
physical signs. The involvement tends to be patchy, though the 
shadows may be uniform, resembling those of lobar pneumonia but of 
lesser density. In general, the lesions extend outward from the hilum 
but may be diffusely scattered through all parts of all lobes. The 
pattern is often a ariable, fluctuant from day to day, suggesting the 
presence of transitory patches of focal atelectasis. 

The course of the disease is not constant. The majority of patients 
have a low fever for about a week or less with defervescence by lysis. 
In some instances the symptoms are more severe, with racking'cough, 
cyanosis, dyspnea, prostration, leukocytosis, profuse perspiration, rela- 
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lively slow pulse, and spreading signs in the lung. Such an attack inav 
last a month. Eecovery is the rule, though weakness and vasomotor 
instability may persist for weeks. Complications such as pleurisy, 
thrombosis, migratory polyarthritis, meningismus and coma may occur. 
The pathology of the disease is obscure, since but few cases have come 
to autopsy, and in these the diagnosis has been questioned. The 
lesions as described-^-^ were those of hemorrhagic solidification with 
few leukocytes in the alveolar exudate but abundant within the bron- 
chioles. Treatment consists of supportive and palliative measures, 
including oxygen for cyanosis when present. 

_ The etiology of this disorder as yet is unknowm. Clear-cut transmis- 
sion to animals has not been demonstrated. That bacteria are not 
causative agents is suggested by the failure of the patients to benefit 
from sulfonamide drugs. And yet the disease seems to be infectious 
in nature, as evidenced by the clinical pattern and the character of its 
spread through communities. 

The differential diagnosis involves distinguishing this disorder from 
acute bronchitis, bacterial pneumonia and bronchopneumonia compli- 
cating bronchiectasis; from acute lung infections due to one of the in- 
fluenza viruses/^ psittacosis or a related nrus (ornithosis),^” “Q fever” 
caused by rickettsia,^ coccidiomycosis“ and toxoplasma;®" and also 
from the pneumonia caused b^' the \nruses of chickenpox,'® l.^'mphocytic 
choriomeningitis®'®^ and the mongoose-infecting disease."'* An excellent 
table of the differentiating criteria for pneumococcic pneumonia, atypical 
pneumonia and epidemic influenza is presented by Goodrich and 
Bradford. in the August 1942 issue of this Journal.®” 

It is Reimann’s®®” view that atypical or “ ^^rus” pneumonia represents 
a sjmdrome composed of numerous etiologic entities produced by a 
varietj' of infectious agents, and that the designation “primary atypical 
pneumonia etiology unknown” be employed only when the etiologic 
factor has not been isolated or identified. The RcM'ewer would like 


to point out here that where.as every pediatrician may encounter an 
occasional case of such atypical pneumonia in his practice, especially 
during the vdnter months, the diagnostic facilities of the usual hospital 
laboratories, even those of top rank, do not possess the e.xtensive animal 
colony or the skilled personnel essential for the tracking down of the 
many suspected, uncommon infective factors. The practitioner must 
wait until more adequate diagnostic services become generally available, 
possibly in state or regional laboratories, before he can study as thor- 


oughly as desired his atypical pneumonia patients. 

Staphylococcic Pneumonia. This type, which somewhat rc.=emblcs 
pneumococcus pneumonia, can usually be distinguished provided thor- 
ough studies of the cases arc carried out. Three important papers,®” ®' 
recently published, throw into focus the distinctive features of this 
condition. Gaspar,®’ in an analy.sis of 7 years’ necropsy material at the 
Rochester General Hospital (New York) found that out of 144 autop-ied 
cases of fatal lobar and bronchopneumonia, 3S were caused In' staphylo- 
cocci. Such a high proportion of fatalities emphasizes the serious char- 
acter of this %'aricty of pneumonia. Of Gaspar’s cases, 20 occurred 
within the first year of life and S others from the second to the tenth 
year. A majority liad shown .symptoms of an infection in the iij>j»er 
part of the respiratory tract, cither jirior to or c-oinci<icnt with the 
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appearance of the pneumonia. 'Many patients developed cyanosis, 
particularly the newborn infants. Dyspnea, cough, dullness, fine rales 
and bronchial breathing were additional features. Leukocytosis was 
usually present. The pathologic lesions in the lung parenchyma pre- 
sented morphologic variations of a more or less basic pattern. In the 
newborn the consolidations usually involved several lobes and often 
almost every part of both lungs, being dark red, hemorrhagic, sometimes 
mottled with gray. It seemed that in the neonatal period staphylo- 
coccic infections were so overwhelming that death ensued early. In older 
babies and with children who survived more than 24 hours the con- 
solidations were red, gray-red, or gray with occasional progression of 
the gray spots into pinhead, pea-sized or larger softened abscesses. 
One baby had a diffuse capillary bronchitis, and a few showed small 
consolidations arranged around the small bronchi. Three of Caspar’s 
cases, all patients over 50 years of age, had a typically lobar-type pneu- 
monia involving completely a single lobe. Parenthetically, a similar 
lobar distribution in a l-year-old infant has been encountered by the 
Reviewer. Microscopically the distinctive features were; extensive 
hemorrhages and abscesses, large colonies of staphylococci in the bron- 
chial exudate and in the hemorrhagic consolidations with necrosis of 
the surrounding parenchyma, and a paucity of phagocytic cells in the 
bronchial walls in spite of the violent inflammation of the overlying 
mucosa. Generally speaking, the whole picture was that of a spreading 
bronchogenic infection, having marked tendencies to tissue necrosis, 
abscess formation and development of empyema, all combining to pro- 
duce a highly malignant type of pulmonary consolidation. Empyema 
was present in 14 cases, several times bilateral. The empyema was 
caused usually by rupture of a lung abscess into the pleural cavity, 
though there were several instances in which no abscesses were dis- 
covered. Pyopneumothorax and other complications such as peri- 
corditis, parotitis and abscess of the leg were each encountered but once. 
One of the most common findings was the presence of an acute purulent 
tracheobronchitis, occasionally hemorrhagic. The e.xudate often caused 
complete plugging of the bronchi, thereby being responsible to a certain 
degree for the cyanosis observed during life. 

Kanof, Kramer and Carnes'*'’ described the clinical aspects of pneu- 
monia (staphylococcus) in the pediatric period. Their cases were sub- 
classified as: (a) primary staphylococcus pneumonia (25 instances), 
and (b) secondary staphylococcus pneumonia developing in the course of 
staphylococcus sepsis (12 instances). Blood cultures were positive but 
rarely in the primary cases, whereas everj" patient in the secondary 
group had a positive culture during life. In the primary cases the 
history was chiefly that of an upper respiratory tract infection with 
subsequent downward e.xtension of the process; in the secondary type, 
pneumonia Avas an additional and often terminal event. The mortality 
was 73%, the highest being in infants under 1 j’ear of age. Empyema 
was detected in 87 % of the primary cases and in .58 % of the secondary; 
its onset was early and the color of the fluid was often pink or red-bromi. 
Spontaneous pneumothorax occurred but tAvice. The authors state 
that priuAury staphylococcus pneumonia resembles primary pneumo- 
coccus pneumonia in its predilection for AA'inter and early spring. It is 
usually preceded by an upper respiratory tract infection, has an absent 
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or transient septicemia, exhibits an acute onset, fastigial temperature 
curve, physical findings indicating a lobar tj^e of consolidation and 
leukocytosis, and gives rise but rarely to distant pyogenic localizations. 
Certain significant distinctions differentiate the two kinds of pneumonia 
—in the staphylococcus cases the age of the patient is usually below 
1 year; the onset and course in a child previously healthy are more often 
fulminating although with chronic illness the onset may be insidious 
and unsuspected; empyema is extremely likely to develop; the character 
of the empyema fluid may indicate destruction of tissue with bleeding 
into the pleural cavity; pyopneumothorax may be superimposed; the 
patients have marked tendency toward diarrhea, abdominal distention 
and renal symptoms; and finally the mortality is overwhelmingly greater 
than with pneumococcus pneumonitis. 

In a presentation of 6 cases, all ending fatally, Clemens and Weens-" 
emphasize the serious nature of staph^’lococcic pneumonia in infants. 
Empyema occurred early in all, complicated by pneumopyothorax in 4. 
The physical diagnosis of pneumopyothorax in young infants, though 
exceedinglj' difllcult, should be suspected if the patient manifests the 
sudden development of cyanosis, li 3 'perpyrexia, increase of cardiac and 
respirator^' rates and vomiting of dark brown gastric material. Fre- 
quent roentgenologic examinations are advised in ail suspected cases. 
If roentgenograms are taken with the sick child in the upright position, 
horizontal fluid levels or air maj' become demonstrable at the periphery 
of the affected chest cavity. Adhesions between parietal and visceral 
pleura form rapidly' in stapitylococcic emp\’ema, preventing complete 
secondarj' collapse of the lung b^' the positive intrathoracic pres.suro, 
and protecting against shifting of the mediastinum and downward dis- 
placement of the diaphragm. Treatment by thoracentesis should he 
Instituted earl.v, along with chemotherap.v, antitoxin, blood transfusions 
.and maintenance of proper fluid balance. 

Staphylococcic Pneumonia and Epidemic Influenza. No presenta- 
tion of the current views on staph.vlococcus pneumonia would he 
complete without some discussion of its importance as a complication 
of influenza. That there may- be a significant association between the 
two diseases lias long been appreciated. On empirical grounds alone, 
the Siaphjlococcus aureus has been considered for .vears one of the mo.st 
virulent of the secondary- invading bacteria in terminal pneumonia 
complicating epidemic influenza.*'-'" TJie direct recovers- of influenza 
virus from such fatal cases has been carried out but a few times, by 
Scadding*^ and b.v Stokes and Wolman.'* Other evidence for the 
presence and activity of influenza virus in staphyloeocciis pneunioiiia 
lias been supplied by Finland, Strauss and Peterson-' and b.v Michael,"' 
who were able to demonstrate eitlier a verv high titer or a decided 
increase in protective antibodies against influenza virus in patieril.s 
suffering or recovering from staph.vlococcus pneumonia. During the 
course of epidemics of influenza in their communities all such 
were of adult age. It is extremel.v likely that children could lie simiiarh 
affected, although, working with Dr. Werner Hcnlc, the Reviewer lacj 
failed to recover this specific virus from the lungs of a miinber of fatal 
cases of staphylococcic pneumonia studied in Philadelphia fluring 
the past few vears. Nevertheless, the availahlc evidence .j^ugce,' 
stronglv that many of the c.a.<es of so-called primary staphylocfKcii- 
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pneumonia encountered in childhood are best considered as being com- 
plications or developments secondary to invasion of the respiratory 
tract by the viruses responsible for catarrhal upper respiratory tract 
infection, such as the common cold and the epidemic influenza viruses. 

Cellular Inclusions. Goodpasture, Auerbach, Swanson and Cotter®^ 
discovered nuclear inclusion bodies udthin the epithelial cells of the 
trachea and bronchi and their mucous glands and of the alveolar epithe- 
lium in 5 cases of pneumonia complicating measles or whooping cough. 
Rapid necrosis of the affected cells was occurring, resulting in ulcera- 
tion of the epithelial surfaces. The associated bacterial infection of the 
lungs was considered as a secondary invasion. The authors suggest that 
the appearance and distribution of the inclusion bodies is indicative of 
the presence of some unkno\vn virus as the causative agent, even though 
experimental inoculation of infected lung tissue into various laboratory 
animals failed to induce any evidences of infection. 

A similar chain of reasoning has prompted Adams^ and Adams, 
Green, Evans and Beach^ to attribute 2 outbreaks of acute primary 
pneumonitis among infants in Minnesota to an unknown inclusion- 
producing virus. These authors studied 74 cases from these two epi- 
demics and found that the disease manifested a constant symptom 
pattern characterized by cough, dyspnea, cyanosis and low-grade fever. 
The mortality was 20%. No bacteriologic agents considered etio- 
logically significant were disclosed in either epidemic. Uniform patho- 
logic changes were found in the lungs from fatal cases, namely, cyto- 
plasmic inclusion bodies in epithelial cells, sloughing and proliferation 
of bronchial epithelium, accumulation of mononuclear exudate and 
patchy atelectasis. In 20 control cases of pneumonia in infants 
caused by ordinary bacteria, these pathologic changes did not show 
nor were inclusion bodies seen. Of the sick infants, 85% showed 
the presence of inclusion bodies Avithin epithelial cells stained in throat 
smears, Avhereas less than 10% of infants and adults in 5 control groups 
shoAved inclusion bodies. Fairly extensive biologic studies on the 
nature of the etiologic virus Avere carried out but these failed to isolate 
the agent. Prematurely born and neAvborn infants Avere the most 
susceptible. The authors state that no specific therapy has been devel- 
oped as yet for this form of primary pneumonitis. General measures, 
such as the administration of oxygen, postural drainage, aspiration of 
exudate, blood transfusion, and therapy Avith the sulfonamide drugs 
(to combat secondary bacterial infections), appeared to be efficacious 
in some cases. Whole adult blood may haA’^e prophylactic A^alue, espe- 
cially in the premature infant. 

Peripheral Circulation. Greene^^ attacked the problem of circulatory 
failure sometimes seen in the more serious attach of lobar pneumonia 
from the standpoint of deA'eloping changes in the peripheral circulation 
near the time of crisis. The blood pressure and the reactions of the 
small blood-vessels of the skin were studied in a group of 52 children 
Avith pneumonia. The blood pressure was found to be raised during 
the acute stage of the disease, definitely lowered at the time of the crisis 
and increased again during conA'alescence. In none of the patients 
Avlio died was there any significant fall in blood pressure during the 
course of the disease nor toAvard the end. The reactions of the small 
vessels of the skin shoAved an impaired efficiency at the height of the 
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disease in the contractility of the capillaries, which returned to normal 
in a short period after the crisis in those patients who recovered. In 
the patients who died, this impairment of the ability of the capillaries 
to contract became greater and continued to the time of death. Greene 
thus corroborated the earlier conclusions of Ritchie®^ and of Perry^ on 
adult patients, that therapy in such cases lies in the direction of stimu- 
lating and improAong the tone of the minute blood-vessels rather than 
in attempts to increase the efficiency of the heart itself. 

Localized Bullous Emphysema. The precise nature of the cavity- 
like formations occasionally seen in chest films subsequent to pneu- 
monia has become elucidated bj' a number of recent clinical studies. 
Although the majority of papers deal wth findings in adults, there have 
been enough reports on children, notably that of Childe and Benjamin,'' 
who observed 19 instances, to indicate that the disorder can be pre.sent 
at all ages, ndth perhaps a greater tendency to e.vpansile behavior in 
the first years of life. 

Clinically the lesion as seen in the roentgenogram consists of a thin, 
rather sharply defined smooth annular shadow, almost like a white 
pencil line, surrounding an air-filled space of decreased density in which 
lung markings are diminished or absent. By means of stereoscopic, 
lateral, and oblique roentgenograms one can demonstrate that these 
clear spaces are spheroid, ovoid or loculated. Occasionally they contain 
a small amount of fluid and show a straight line fluid level in the upright 
position. They vary in size from time to time and may persist for as 
long as 8 or 10 months before fading away. They are not accompanied 
by any abnormal signs or symptoms unless enormous inflation results 
or unless the pleura ruptures with the formation of a large positive 
pressure pneumothorax. The differential diagnosis between bullous 
emphysema and lung abscess, localized pneumothorax, congenital pul- 
monary air cyst and diaphragmatic hernia is not difficult if the course of 
the case can be followed for a short time. According to the conseii-su.s 
of published articles, the clear central portion of these pseudocavities 
consists of h.vperdistended bullous lobules or groups of lobules with 
ruptured or unruptured septa between them, while the peripheral ring- 
like line of increased density represents a surrounding zone of atelectatic 
alveoli. This e.\planation no doubt holds in the majority of instances. 
Kessel,^'° however, has suggested that some may be true lung cavitic.s, 
the end-result of aputrid pulmonary necrosis. The Reviewer ha.s 
followed several typical cases through to autopsy and discovered evacu- 
ated abscesses of staphylococcus pneumonia haring narrow vaivelike 
bronchi coursing through their walls. Benjamin and Chiidc sugge.-jt 
that the most probable c.xplanation for the formation of localized bul- 
lous emphysema in association with pneumonia is the plugging of a 
bronchiole with mucus or exudate, producing an obstruction of ball- 
valve type. Air enters the affected lobule or groups of lobules more 
readily than it can emerge, resulting in emphy.semafoiis dilatation. 
Secondary kinking of the bronchiole holp.s to accentuate the obstniction. 
Rupture of the alveolar walls may occur and air may track subplcurall.' 
or intrapleurally, forming a voluminous balloon-like empliy.scinufoii> 
space. If the prc.ssurc rises .sufficiently the pleura can niplurc, gn mg 
rise to pneumothorax. No treatment i.s ncce-'-sary unles.s f<>mp Vating 
conditions ensue. Aspiration of air by necflle and .syringe usually gi t ' 
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l)ut momentary clearing but should be attempted in the presence^ of 
respiratory or cardiac embarrassment, especially if a complicating 
pneumothorax has appeared. 

Empyema. The clinical picture of postpneumonic empyema m 
childhood has been much changed by sulfonamide therapy, accord- 
ing to Burford and Blades.^ The incidence of this complication has 
been reduced from approximately in the presulfonamide era 

dow to 1% or less.^^'^®’®^ Furthermore, Burford and Blades found 
that the course of postpneumonic empyema becomes atypical and 
bizarre in sulfonamide-treated patients. The transition from effusion 
to thick pus is prolonged, the incidence of interlobar empyema seems 
higher and there is a greater tendency for the formation of encapsulated 
pockets which are difficult to detect and to drain adequately. Reexpan- 
sion of the lung and obliteration of the pocket may be slower, and the 
authors noted an increase in the required number of thoracotomies per 
individual patient. They advise that chemotherapy be stopped once 
the initial pneumonia has been adequately controlled, even if pus has . 
accumulated. The sulfonamides with their antipyretic properties and 
anorexic effects not only fail to penetrate the purulent accumulations, 
but serve to confuse a clinical picture already difficult enough. Surgical 
drainage remains the treatment of choice for purulent empyema. 

Subacute Pneumonia. Somewhat resembling "atypical pneumonia” 
is a subacute form of pneumonia described by Lincoln, Smith and 
Kirmse.^ The attack, as observed at Belle^me Hospital, New York, 
commences with nasopharyngitis or sinusitis and cough. After some 
days or weeks the cough becomes worse and more productive, a low 
fever develops, and thoracic pain appears, worse on inspiration or cough. 
Physical signs in the chest consist of diminished breath sounds, usually 
at the bases, in association with resonant rales. The characteristic 
Roentgen picture is an irregular shadow extending from the hilar region, 
usually doAvnward along the cardiac border and across the diaphragm. 
The shadow is not as homogeneous or dense as that of lobar pneumonia, 
and often shows bronchial streaking or uneven mottling. Usually the 
cardiohepatic angle is obliterated and there may be enlargement of 
the hilar nodes. A moderate leukocytosis will persist for 2 to 3 weeks 
after the onset of recovery. Sputum is abundant and purulent, varying 
in amount from a few drams to 8 ounces or more. Many organisms are 
present but the tj’pes of pneumococci usually associated vnth lobar 
pneumonia in childhood are not found. Collapse of a lobe secondary 
to bronchial plugging by tenacious mucus may be clearly CAudent. 
The illness lasts from a few weeks to several months, and may recur. 
The prognosis for life is good. Since none of the cases succumbed, 
the exact pathology of the disorder remains obscure. As a rule the 
child makes a complete recovery, though residual bronchiectasis has 
been observed. Therapy consists of local treatment of the associated 
upper respiratory tract infection and postural drainage of the bronchial 
tree, to be followed by bronchoscopy in severe cases or when collapse 
of a lobe occurs. Chemotherapy is not mentioned in the presentation 
but should be intelligently applied. Cases which do not dear com- 
pletely should have a bronchogram before the diagnosis of bronchiectasis 
can be excluded. The picture of this disorder as presented bv the 
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authors closely resembles the more familiar one of obstructive pulmon- 
ary lobe atelectasis or “massive collapse” due to tenacious sputum, 
occurring in the course of tracheobronchitis. 

Chemotherapy. The efEcacy of sulfonamide therapy in childhood 
has been established by a great number of reports from clinics in all 
parts of the world. Obser\'ers of a few years back contrasted the com- 
plication and mortality rates of the pre- and postsulfonamide years, 
whereas the more recent papers are de^'oted to controlled comparisons 
of the results obtained with the different sulfonamide derivatives. 
A statistical summary and interpretation of the reported data would 
necessitate an unduly long remew. 

One can summarize the current observations and trend of pediatric 
thought in this field by stating that, with sulfapm'dine and sulfathiazole, 
recovery from pneumonia is aided and accelerated, and complications 
are not frequent or as a rule troublesome.' “Both 
drugs have so altered the course of pneumonia that few of the long, 
hard cases with cyanosis, delirium, abdominal distention and circulatory 
failure are seen.”^ 


SulfapjTidine, sulfathiazole and sulfadiazine are in wide use at present 
in the treatment of pneumococcic pneumonia. Reports of sulfadiazine 
in pediatric journals are scarce because of the newness of this compound, 
but the literature of the coming year should contain a number of reports 
on its efficacy. For hemolytic streptococcus pneumonia, sulfanilamide 
may be employed; but in a doubtful case sulfapyridine or sulfathiazole 
should be given, as these latter substances are effective against both 
streptococcus and pneumococcus. For staphylococcus pneumonia, as 
with such infections elsewhere in the body, sulfathiazole is the drug of 
first choice. Unfortunately its therapeutic action against the staphy- 


lococcus is much weaker than against pneumococcus or streptococcus. 

As for the relative merits of sulfapyridine, sulfathiazole and sulfa- 
diazine, it is questionable if in promptness of action there is any .sig- 
nificjint difference among these three drugs. In childhood as with 
adults, much more nausea, vomiting, cyanosis, dizziness and headache 
and general discomfort are encountered with sulfapyridine than with 
the other two products. Sulfathiazole and sulfadiazine are therefore 
to be preferred. With all three drugs toxic reactions must be watched 
for, such as hematuria, dermatitis, fever, jaundice and urinary tract 
obstruction from precipitated excretory products, even though the inci- 
dence of such untoward effects is not great. The primary treatment of 
any of these complications consists in discontinuance of the drug. 

As a single illustration of the succe.ss in. therapy achieved by tlie 
sulfonamide drugs one can cite the e.xpcricncc of Grcengard, 
and Motcl“ with infants under 1 year of age. In 1937 
the mortalitv among infants with pneumonia treated in the Children 
Division of Cook County Hospital wa.s 32% and 31% respective^-. 
In 1940 in a series of 200 infants treated with sulfapyTidinc the inortaii . 
was but 10%. If the cases in which death occurred in 
axchided, the mortality was 7.5%. Of a scries of 89 paticnt.s, 

4G received sulfapyridine and 43 served as controls, those trc.i . , 
the drug showed a definite rcfiuction in duration of the febrile I 
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and length of stay in the hospital. In 1939 there were 89 patients, 
of whom 46 received sulfapyridine and 43 served as controls. Those 
treated with the drug showed a striking decrease in the duration of the 
febrile period, in the incidence of extension to other lobes and in the 
length of stay in the hospital. 

Serum Therapy. Although the use of type specific horse or rabbit 
serum is no longer considered the most desirable form of therapy of 
pneumococcic pneumonia in childhood, mention should be made of at 
least a few of the excellently controlled studies on serum treatment 
which were carried out in the years immediately preceding the intro- 
duction of the sulfonamides. Nemir,^ Bullowa,^'^^ Kereszturi and 
Hauptmann^^ all described marked reduction of mortality, particu- 
larly in cases with bacteremia, decrease in the incidence of complica- 
tions such as empyema, and dramatic shortening of the course of the 
disease. Especially with pneumonia caused by pneumococci of Types I 
and XIV, the corresponding therapeutic sera proved strikingly effective. 
The earlier in the course of the infection that treatment was instituted, 
the less likely became the subsequent development of secondary com- 
plications. 

The disadvantages of serum therapy have been well epitomized by 
Hodes and associates.*'^ Since the type of pneumococcus must be deter- 
mined before serum can be given, difficulties in typing may cause serious 
delay in the start of therapy. When more than one type of pneumo- 
coccus is recovered from a patient’s nose or throat, it is not possible 
at the beginning to be certain which organism is causing the pneumonia. 
Moreover infants and younger children are too young to be cooperative 
and are disturbed and excited by the administration of the serum. 
Again, despite all precautions, serious serum reactions, though infre- 
quent, do occur occasionally. The child who received serum will very 
likely become sensitized to the serum of the animal used. And since 
the mortality rate even for untreated acute primary pneumonia in 
infants and children is low, the use of a specific form of therapy which 
has certain dangers is subject to criticism, even though the incidence 
of untoward reactions is not frequent. Finally in contrast to the 
relative cheapness of the sulfonamide drugs, the cost of treating a 
patient with serum is much greater. 

The problem of whether to treat children with pneumonia by the 
joint use of sulfapyridine or sulfathiazole and specific antipneumococcus 
serum or solely by drugs has been discussed by Carey,^**'^®'*® who noted 
in a study on 613^ children with pneumonia that the gi\dng of the two 
types of remedies in combination seems to possess some slight advantage 
over the use of drugs alone. The average duration of pneumonia after 
joint treatment had been started was a little shorter than with chemo- 
therapj' alone, and recurrent pneumonia was not observed in any 
patient who had received combined chemotherapy and antipneumo- 
coccus serum. He concluded, nevertheless, that routine administration 
of serum is not indicated e.\cept in the presence of pneumococcus 
bacteremia, of widespread involvement of the lungs with pneumonia, of 
severe toxicity from the infection or of allergic sensitivity to the sulfon- 
amides in a patient profoundly sick. 


Irving J. Woiaian, M.D. 
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URINARY INCONTINENCE 

Shakespeare^'^ described an unseaworthy vessel to be “as leaky as 
an unstanced wench.” Those of us treating urinary diseases in women 
know that an “unstanched wench” can be constantly wet, thoroughly 
miserable, and a social outcast. The degree of urinary leakage may 
t'ary from an occasional accidental wetting when with a full bladder 
the intraiibdominal pressure is suddenly raised by sneezing or coughing, 
to the pitiful spectacle of complete and constant incontinence. The 
lesion causing this condition may be above, at, or below the vesical 
sphincter. In this discussion e.xamples will be presented Math a survey 
of recent suggestions as to management. 

Vesicovaginal Fistula. A fistulous opening between the vagina and 
the bladder is usually due to either pressure necrosis as the result of 
a long and difficult labor or to an injury to the bladder in the course 
of a pelvic operation. Such lesions are not nearly so common as for- 
merly, in large measure due to greatL^ improved obstetrics. Many 
operations for the closure of these fistulas are conducted without ade- 
quate urologic study and certain types of fistulas, which might be closed 
by simple urologic treatment, are frequently subjected to extensive 
surgical procedures. iMultiple operations often reduce the size of the 
fistula without effecting closure, and it is generally recognized that the 
frequency of healing decreases after each operation. 

O Conor'^ writes of the possibility of closing less extensive defects by 
eystoscopic and vaginal coagulation of the tract and proper prolonged 
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postural drainage of the bladder bj^ means of an indwelling urethral 
catheter. If the fistula is small and has healthy surrounding tissue it 
will heal after electrocoagulation. He believes that this method should 
receive more consideration, especially in patients in whom an unsuccess- 
ful surgical repair has resulted in a small lateral opening. The method 
has_ no place in the treatment of fistulas of the bladder floor or in 
patients with extensive tissue defects. When the fistula is small and 
the bladder can be distended with fluid, cystoscopy can be done without 
any difficulty. But when the fistula is large and the fluid introduced 
into the bladder runs out of the fistulous opening as fast as it can be 
introduced, cystoscopy is impossible. To overcome this, Duncan’ 
infiltrates the vaginal introitus -with procaine solution and passes a 
subcuticular suture of heavy silk or linen around the entire vaginal 
outlet and ties it \’ery tightlj' to make the vagina watertight. Before 
cystoscopy is begun the Irladder is irrigated vnth boric acid solution, a 
bivalve speculum is introduced and the vagina is dried out, taking care 
not to cause bleeding from the sensitive bladder mucosa that protrudes 
through the fistula. The introitus is then closed wth the subcuticular 
suture. A bladder that has been decompressed over a long period of 
time will be hard to distend, but as the bladder and \’agina are dis- 
tended together, the fistulous opening can be Hewed and its relation 
to the ureteral orifices noted so that they may be avoided in any opera- 
tive procedure that is to be undertaken. Wlien the fistula is small 
but the patient ^'oids a fair proportion of urine by urethra, a ureteral 
catheter can be passed through the fistulous opening from the bladder 
into the vagina and quickly drawn through. The catheter sliould he 
slightly rough from age or repeated sterilization. Passage of such a 
catheter causes a fresh abrasion of the tract which then may heal quite 
readily. For the treatment of a large fistula at the vaginal vault in 
old women, following either hysterectomy or irradiation, he suggests 
the employment of total colpectomy after closure of the fistula. This 
procedure can only be done where the cervical canal is completely closed 
from irradiation or after panhysterectomy. After operation for the 
ordinary fistula well above the bladder neck he keeps an indwelling 
Pezzer catheter in the bladder for from 7 to 10 days. When the fistula 
is low down near the bladder neck, a plain catheter is sutured in place. 
When the patient has liad repeated unsuccessful operations, a supra- 
pubic cystotomy with a large Pezzer catheter is a satisfactory method 


of drainage. _ .... 

Halban^ of Vienna has had increasing satisfaction with his msulfs in 
the operative cure of this condition which he attributes to a simplifica- 
tion of his technique and adherence to three basic principles, n:.. 
c.vtcnsive cx-posurc of the fistulous area, mobilization of the base of the 
bladder, and correct suture. The exposure of the field is accomplish^ 
by the correct application of posterior and lateral retractors. If the 
vagina is narrow, or tlic perineum is high and rigid, or if the fistula lies 
deep in the vaginal funnel, an cpisiotoniy or a Schuchardt incision is 
made us a preliminary procedure, thus gaining a tremendous increase 
in the c.vposurc. The base of the bladder can be adcfjuatel.y e.xposw 
onlv if it is movable and in many cases with extensive scarring in the 
n-irametrial and paravaginal tksues, it will require tc<!ious di^srction 
fo mobilize tlie bladder.' The fascia should be allowed to remain on 



GYNECOLOGY AND OBSTETRICS 


907 


the bladder and separated with it from the vagina. In placing the 
bladder sutures he ignores the fistula itself but sews the anterior and 
posterior portions of the mobilized bladder floor over the fistula. These 
two portions with their attached vesicovaginal fascia are united by 
fine catgut sutures in areas uninjured by scars or dissection, usually 
about 1 cm. from the margin of the fistula. This may be buried with a 
second row although he states it is unnecessary and the vaginal mucosa 
may be sutured over this, although here again he states that it is im- 
material. Occasionally it may be easier to place the sutures sagittally 
rather than transversely, but the tension is usually less in the latter 
plane. Its essential point is to sew healthy bladder wall to healthy 
bladder wall, taking about one-half the thickness in the suture and 
not too close to the fistula. 

As evidence that good results in the cure of this condition may 
require more than a single operation, the report of Pemberton, Smith 
and Graves^^ is of interest. In their series of 100 cases cures were ob- 
tained in 84 % although it was necessary to perform 38 repeat operations. 
The use of silver wire as advocated by Sims many years ago is con- 
sidered one of the most important factors in achieving a cure in their 
clinic. The wire is used as interrupted sutures and includes a good 
bite of all tissues down to the bladder mucosa. It gives good support, 
does not cut through and causes little irritation. It is left in for at 
least 3 weeks and usually for from 4 to 6 weeks. After operation the 
bladder must be free from tension and an indwelling catheter is left in 
place for from 9 to 14 days, keeping close watch that it does not become 
obstructed. The sutures are usually removed under anesthesia. In 
general, the authors believe that it is not wise to attempt to close a 
fistula as soon as it occurs because some will close spontaneously. 
Fistulas due to irradiation should not be operated upon until the tissues 
have had time to recover from the treatment, whieh is at least a year. 
The authors warn that one should not be discouraged if the first opera- 
tion is unsuccessful as some cases required as many as 6 operations 
before a cure is obtained. 

From his experiences at the Mayo Clinic, Counseller’“ states that a 
fistula which involves the posterior margin of the internal vesical 
sphincter is one of the most difficult of all to close. The sphincter is 
torn and partially incompetent as a result of formation and contraction 
of scar tissue within the circular muscular fibers. It is difficult to avoid 
superimposing the vaginal and vesical suture lines at this point without 
producing distortion of the sphincter and urethra and it is well known 
that apposition of these suture lines predisposes to recurrence. Further- 
more when a catheter is inserted through the urethra into the bladder 
it is almost certain to lie in contact with the region of repair. The 
catheter produces irritation and incites infection with possible break- 
down of the suture line. For this reason Counseller encourages such 
patients to arise and ^'oid voluntarily if possible, since the passage of 
urine over the small repair in the sphincter is more beneficial than 
detrimental since all sedirnent and exudate are thus lavaged periodically 
from the suture line. "IMien a patient cannot void as suggested, the 
bladder should be emptied for a few days by a glass catheter. A fistula 
involving the ureteral orifice creates an interesting surgical problem 
since the kidney and ureter are complicating factors. Frequently there 
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is partial obstruction to the flow of urine and as a result hydronephrosis 
of some degree, mth partial destruction of the kidney and'sinall cortiral 
abscesses may be present. Counseller does not believe that reimplanta- 
tion of such a ureter into the bladder is justified, particularly if the 
kidney on the opposite side is normal. Nephrectomy %vith secondary 
closure of the fistula is his procedure of choice. However, if the oppo- 
site kidney is not normal, a skin ureterostomy should be considered to 
see if the kidney mil recover sufficiently to permit implantation of the 
ureter into the bladder or rectum at a later date. Whenever the kidney 
and ureter are normal, the ureter should be reimplanted into the bladder 
well away from the fistulous tract and at the same time the vaginal 
fistula should be closed. Any attempt to repair such a fistula without 
diversion of urine from the involved ureter will result in a high incidence 
of failures. Fistula adjacent to but not in\'oh’ing the ureteral orifice 
should be repaired by the vaginal approach after inserting a No. 6 or 
No. 8 ureteral catheter into the ureter. The catheter should remain 
in place for from 5 to 10 days after the repair. Fistula in the posterior 
wall of the bladder is the most common tj^pe of fistula subsequent to 
abdominal hysterectomj". Counseller explains that it is not caused by 
an unrecognized incision into the bladder, but from a suture which 
catches the mucosa of the bladder, gradually cuts through and produces 
a fistula 8 to 10 days later. Repair of a fistula caused by treatment 
with radium is less likely to be successful than fistulas caused by trauma 
because the tissue at a considerable distance from the edge of the fistula 
usuallj' is too devitalized for use in the repair. Any attempt at repair 
should be delayed a sufiicient length of time to preclude the possibility 
of local recurrence of the malignant process. In most instances the 
fistula mil become smaller from contraction and should it reach the 
size of a pin point, it may be closed by fulguration. 

It is readily understood that urinary fistulas arc more commonly 
seen among primitive people than in this country where good medical 
facilities are generally available. Whereas in this country cases might 
be reported by the dozen, in some of the overpopulated countries of 
the Near and Far East, surgeons report sucli cases by the hunfireds. 
Probably no one has had a greater personal experience with this proli- 
lem than Mahfouz® of Cairo, who reports on nearly 500 ca.ses. In the 
ordinary t}'pes he uses spina! anesthesia, makes a circular inci.sion 
around the fistula and widely mobilizes the bladder. He then inverts 
the bladder opening with catgut sutures which do not penetrate the 
mucosa and the vagina is closed over this with silkworm gut siiturc."-. 
A retention catheter is left in for 7 days. He deseril)es his method 'if 
handling various complicated and difiicult eases, the essential points 
being good e.xposure and lack of tension on the suture line. He had 
tried the suprapubic approach in some cases but use.s it no longer as he 
considers the vag'nal route safer. He found that if he failed to close a 
fistula by the vag'nal route he also failed by the suprapubic route. Ilf 
frankly admits that some fistulas arc not curable and in such cus<>.^ 
colpoclcisis or ureteral transplantation may be used, but he_ docs not 
ad^^se either one on account of the danger of ascending infection of the 
urinarv tract. He advised such patients to wear a rubber urmal. 
He advises that before any operation is performed in tli(>sc ca-cs, tlic 
vagina, bladder and kidneys mu.st be put in healthy condition. 
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In his practice among the Zulus, Taylor'® has found many vesico- 
vaginal fistulas which show enormous loss of tissue and tremendous 
scar formation, hlany of these can be cured by extensive flap dissec- 
tions although often incontinence may remain due to loss of the sphinc- 
ter muscle. In cases in which a plastic operation cannot be done due to 
the extensive destruction and in which transplantation of the ureters 
would not be justifiable, he has devised an interesting operation to be 
used if the cicatricial condition of the vagina precludes further sex life. 
The vaginocutaneous junction is incised completely around the outlet 
and flaps of vagina and skin are dissected up. The vaginal flaps are 
sewn from side to side so as to invert them and close the vagina and the 
skin flaps are united over them with an everting stitch. Before the 
sutures are tied a stab wound is made through the anus just anterior 
to the anal margin and a long forceps is pushed through the sphincter 
and cut down on from the posterior vaginal wall about 1 inch above 
the vaginal cutaneous junction. A medium-sized catheter is pulled 
through the tract thus made, anchored by a stitch and cut off leaving 
I inch projecting into the vagina and also on the skin surface. The 
catheter remains for 6 weeks in order to allow epithelialization of the 
tract. The vagina then acts as a urinary receptacle which spills over 
into the rectum which is controlled by the anal sphincter. 

From his experiences in India, Hayes® stresses that any associated 
rectovaginal fistula should be cured before an attack is made upon a 
vesicovaginal fistula. After this the infection in the bladder and 
vulva should be overcome by boric acid irrigations and sitz baths. At 
the operation a single or double Schuchardt incision may be necessary 
to obtain adequate exposure. The bladder must be thoroughly mobil- 
ized so that there will be no tension on the sutures. Contrary to many 
other opinions, he warns against excising the edges of the fistula. He 
uses these edges as anchorages for the closing suture, applying two 
layers of No. 00 20-day catgut. After operation he drains the bladder 
by a self-retaining catheter for at least 10 days and irrigates the bladder 
twice daily. Of 33 cases operated upon this method he obtained 
28 cures. 

Suprabtibic Approach. Thus far in this diseussion we have con- 
sidered only the vaginal approach for the repair of vesicovaginal fistulas. 
There can be no doubt that this method is the most commonly em- 
ployed as well as the oldest type of approach. However there are some 
authorities who feel that in certain types of fistulas a safer and better 
operation can be done if the site of the fistula is approached from above 
the pubis. Such an operation may be transvesical and extraperitoneal 
or it may be transperitoneal. A firm advocate of the transvesical opera- 
tion is Quinby'® who states that the object of an operation for vesico- 
vaginal fistula is to get a tight bladder. The bladder must hold urine, 
the vagina cannot. Closure of the bladder should be as perfect as 
possible, whereas closure of the vagina is a secondary consideration 
and need not be perfect because it will heal by granulation. He believes 
that the easiest and most complete access' to the bladder is by the 
suprapubic route and it should be employed in all but the simplest 
cases. Sufficient mobilization of the floor of the bladder from the 
vagina is imperative. If necessary this can be facilitated bv splitting 
the whole detrusor portion of the bladder in a sagittal direction. Open- 
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ing of the peritoneal cavity during the operation is not dangerous if tlie 
subsequent repair of the bladder is perfect, Quinby advises that serious 
and extensive loss of bladder tissue with dislocation of the ureters and 
much scarring is in most instances treated by bilateral ureterosigraoid- 
ostomy. ^ Farsht/ in reporting his series of 20 cases of suprapubic 
transvesical repair, observes that fistulas of surgical origin are on the 
increase while those of obstetrical origin are on the decrease. The 
fistulas of surgical origin are, as a rule, fixed high up in the vagina 
and are in close proximity to the ureters. The inaccessibility of these 
fistulas from the vagina approach makes their e.xposure, proper dissec- 
tion and repair very difficult. It is Farsht’s belief that the transvesical 
approach gives good exposure, allows careful dissection of the fistulous 
tract, prevents unsuspected injurj' to the ureters and permits suprapubic 
drainage of the bladder ivhich, in his opinion, is superior to any otlier 
type of vesical drainage. At the Maj’o Clinic according to Hubly and 
Masson' the vaginal route is and will remain by far the most common 
and desirable of approaches but the suprapubic operation is used in 
11% of the cases. They prefer the transperitoneal operation when 
operating from above but they admit that their indications for this 
operation are not standardized. Usuallj' vaginal plastic procedures iiave 
been tried and have failed before the abdominal approach is attempted. 
Vaginal repair may be very difficult following a total abdominal hyster- 
ectomy if the vault of the vagina is scarred, narrowed and retracted 
and the fistula is situated in the vault. Vesico-utero\-aginal fistulas in 


the absence of prolapse are most difficult to repair through the vagina, 
but are readily accessible from above, while in cases of large fistulas 
situated in the base and trigone of the bladder and adjacent to the 
ureters the danger of injury to the ureters is less with the ai)dominui 
approach. Furthermore with this approach if the ureter is injured, it 
may be reimplanted into the bladder or transplanted into tJie sigmoid 
at the time of repair. In this operation a low midline incision is made, 
the patient placed in the Trendelenburg position and the intestine and 
omentum are pack out of the way. The uterus is drawn upward, c.x- 
posing the vesico-uterine reflection of peritoneum wliich is cut trans- 
versely sufficiently far on each side to afford easy separation of the 
bladder from the anterior wall of the cervix and vagina. The dissection 
is cjirried out until the fistula is reached and extended below this point 
in order to freely mobilize the bladder wall and vagina around the 
fistula. The fistula is cut across and the edges of the mucosa are 
inverted into the bladder with interrupted sutures of Xo. 00 chromic 
aitgut, tjikSng care not to penetrate the bladder wall with tlic suturi^- 
The opening in the vagina is closed in a similar manner and if jwssibie 
in the opposite direction and care is taken to prevent contact of thi'se 
two wounds. Sometimes it is advisable to in.scrt a small free graft of 
omentum but in most cases a strip of peritoneum can be interi>ose<l. 
If the opening in the vagina is in close contact with the cervi.x, frwr 
mobilization is obtained by doing a total hysterectomy at the 
time. If this is done the sigmoid or an epiploic appendage from it can 
be interposed between the bladder and the vaginal closure. 1 reatmen 
of infection of the lower urinary tract may be startc<l early in 
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is reduced. This muy be corrected by gradual dilatation of the bladder 
but not before 3 months after operation. Likewise sex life should not 
be resumed before 3 months have elapsed. 

Transplatation of the ureters to the sigmoid flexure is a sound surgical 
procedure for the treatment of huge vesicovaginal fistulas according to 
Counseller.^* The operative risk is decreased when one ureter is trans- 
planted at a time. Before doing this operation several factors must be 
considered, namely, the general physical condition of the patient, 
whether there is any obstruction or infection of the upper urinary tract, 
the function of both kidneys, the presence or absence of pelvic cellulitis 
which involves the lower end of the ureters, previous surgical procedures 
in the pelvis which may have resulted in fixation of the pelvic portion 
of the colon and the preparation of the patient for a colonic operation. 

If the ureter is partially obstructed, ureterectasis, pyelectasis, thick- 
ening of the ureter and infection rapidly supervene and experience has 
shown that one assumes a great risk in transplanting a ureter of this 
type. In such instances, if the ureters are known to be thickened and 
partially obstructed, he believes that it is wise to perform bilateral 
nephrostomy first and several weeks later, when infection has subsided, 
the ureters can be transplanted with considerably less risk. The intro- 
duction of intravenous urography has been beneficial in the study of 
the excretory function of the kidneys before and after transplantation 
of the ureters. 

Relaxed Vesical Sphincter. Thus far we have been discussing leak- 
age of urine due to an abnormal opening in the bladder. In contrast 
to this type of incontinence, there is a type of leakage which is not 
constant but occurs intermittently, usually when the bladder is par- 
tially distended. This is due to a weakness of the vesical sphincter. 
These patients complain that leakage is most common when intra- 
abdominal pressure is suddenly raised, as in coughing or laughing. 
Hence the term “stress incontinence” is frequently applied to this con- 
dition. The lesion is usually due to a childbirth injury in which the 
supporting structures of the vesical neck have been torn, the resulting 
lack of support causing interference with the normal sphincteric mechan- 
ism. Murless^® has treated 20 such patients by means of local injections 
of 5% solution of sodium morrhuate with cure in 60% and marked 
improvement in 25 % of the cases. Patients with only a slight degree 
of prolapse have the best chance of cure. Although only small quan- 
ties of the morrhuate solution were injected, never more than 0.5 cc. 
on either side of the urethra, a slough separates in the vast majority 
of cases, but this seems to favor a good end-result by causing scarring. 
The expected dangers of sloughing urethra, collapse during injections 
and urethral stricture have not occurred. This method would appear 
to have value in those cases with slight prolapse, those following a 
repair of prolapse but without recurrence of the prolapse itself, and in 
old patients in whom operation should be avoided. 

In intractable cases of urinary incontinence due to loss of sphincter 
control in which no urinary fistula is present, Stanca'^ advocates the 
Goebell-Stoeckel technique of repair. An incision 12 cm. long is made 
m the midline e.xtending to the sxmiphysis. The aponeurosis is freed 
on each side and a flap 4 cm. broad and 10 cm. long is cut, including 
the insertion of the pyrainidalis muscle but left attached at the s\’m- 
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physis. This flap is then split do\ra the center, making two strips, the 
upper surface of each being fascial, the undersurface being muscle. 
Through the opening from w^ich the flap was elevated, channels are 
made by blunt dissection behind the sjunphysis and under the urethra. 
The two fascial strips are crossed and then directed dovm these channels. 
From the vaginal approach the anterior vaginal wall is incised, the 
urethra freed and the fascial strips brought down from above and 
sutured under the urethra. Both vaginal and abdominal wounds arc 
closed and a retention catheter is placed in the bladder for 6 days. 
As a result of this transplantation, the pjTamidalis muscles reinforce 
the fibers at the internal sphincter and also elevate the neck of the 
bladder, both of Avhich actions tend to prevent urinary incontinence. 

Kennedy® has made an interesting study of the condition by means 
of pre- and postoperative urograms. He found that the normal urethra 
in its voiding state is pushed dovm with the vaginal wall into the 
vagina, its external meatus is pushed endwise out of the pelvis by vary- 
ing distances up to 1 cm. and the sphincter muscle surrounding the 
inner third of the urethra dilates. A varying degree of the “voiding” 
state (which becomes permanent following rela.vation or injury) is 
present when there is persistent incontinence; the greater the degree 
the greater the incontinence. When there is no permanent dilatation 
of the inner third of the sphincter, the urethra may undergo e.xcessive 
degrees of motion without any incontinence. However, persistent dis- 
placement may in time permanently overstretch the inner third of the 
sphincter, when incontinence will develop. The sphincter mechanism 
functions with its greatest efficiency when its greatest length is restored, 
particularly as far as possible within the pehds and as high as possildc 
above the vagina. To accomplish this restoration it is necessary to 
separate completely the urethra from all attachments to the vagina 
wall and the rami, after which the sphincter mechanism can be restored 
by plica ting and replicating the undersurface of the bladder and urethra. 
Any factor such as infection or hematoma beneath the re.stored urethra 
may dissolve the plicating sutures and allow the urethra to re.siinic 
some degree of the “voiding” state, thereby producing failure, necessi- 
tating another operation. Therefore there should be free drainage of 
the paravesical spaces after operation. Kennedy urges that a very 
sharp distinction be made between urinary incontinence and urinary 
urgency or frequency to a\ oid operations upon patients with the latter 
complaints but no incontinence. He also advises tliat the physician 
should be frankly honest with incontinent patients, e.vplaining clearly 
that the first operation may be unsuccessful and a second one required. 

Ectopic Faginal Ureter. At first thought, it might seem impossible 
for a patient to be incontinent when there is no abnonnal opening m 
the bladder and the sphincter mechanism is intact. Given such <!ata. 
the conclusion must be reached that urine must be coming from some 
point above the bladder and emptying at some point below the sphincter 
and that is exactly what occurs in .some cases of ectopic vaginal ureter. 
In adding another case of this type to the few which have been report eib 
Demina has reviewed the literature ami gives a crisp anuly.si.s of tln> 
unusual condition. It must lie recalled that the ureter dcvclojw froin 
the Wolffian duct, that the vestibule abo flevelofis from the same .‘■ource, 
but that the vapna is of Mucllerian origin. This may explain wli> so 
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many ectopic ureters empty in the vestibule since both have the same 
origin. The most logical theory for the supernumerary vaginal open- 
ing is based on the fact that instead of a single invagination from the 
Wolffian duct, there are two or more anlagen, each forming a ureter 
with separate implantation into the kidney. As the Wolffian duct 
shifts do\vnward with the urogenital sinus, it carries the upper ureter 
with it and causes a lower implantation of the upper ureter. If the 
two ureteral buds develop at the same time, their bladder openings 
may be near together, but if the upper ureter develops later, it may be 
carried below the bladder by the Muellerian duct to empty into the 
genital tract, as in the vagina. The vaginal opening of these ectopic 
ureters is practically always on the anterior wall in the midline, although 
nearer the cervix the opening may be more lateral. The symptoms of 
an ectopic vaginal ureter are quite definite. All of the cases have 
vaginal dripping of urine day and night, but in addition there are 
normal urinations from the urethra since the other ureter or ureters 
open into the bladder. If the ectopic ureter becomes infected there 
will be purulent urine coming from the vagina. In 4 cases reported 
the symptoms from infection, such as pain and elevation of tempera- 
ture, overshadowed the urinary picture to such an extent that the 
patients were operated upon for appendicitis or renal suppuration. 
The kidney attached to an ectopic ureter is of little functional value 
and is prone to infection. Therefore no attempt should be made to 
conserve these kidneys and ureters. Heminephrectomy may be done 
if vessels are distinct to each kidney. If infection has not occurred, 
total ureterectomy offers an easy method of treatment; but once the 
kidney or ureter liecoraes infected, complete nephro-ureterectomy is 
indicated. 

Frank B. Block, M.D. 
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Trichomonas Vaginahs in Tissue Cultures and Their Effect on Tissue 
Culture CeUs. J Hogue (Department of Anatomy, Univ. of 
l enna.j. Dr. Trussell s bacteria-free strain of Trichomonas vaginalis 
"AS introduced into human fetal and chick embryonic tissue cultures. 
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Rs behavior in the tissue culture cells was recorded by moving film. 
The trichomonas swarmed about the explanted tissue and swam freelv 
over the fibroblasts, epithelial cells and sjonpathetic nerves. They 
attached themselves by their axostyles to nerves and cells and whirleti 
about. Thej' entered the lumen of pieces of chick embryo intestine. 
No mechanical injury to the cells was observed. They formed rosette.s 
which rolled over the tissue cultures. They pushed and pulled about 
masses of plasma panules. They often sent out a proboscis-like 
structure while feeding o^i'er the tissue cultures. 

T. mginalis is very injurious to tissue culture cells. When a rich 
culture was added to a tissue culture, the cells soon drew in their 
processes, the nuclear membrane and nucleolus became distinct and 
the cjdoplasm granular. The cells were dead in 4 to 5 hours, though 
the trichomonas lived for several days. Controls were made for all 
experiments and the tissue cultures grew well in the same medium in 
which the trichomonas lived. 

Filtrates of old cultures of trichomonas were added to tissue cultures 
and caused the same effect as the living trichomonas. 

Cultures of trichomonas heated at 56° F. for 15 and 30 minutes and 
at 60° F. for 20 minutes caused the death of tissue culture cells. It was 
a slower process rvith occasional recovery of the tissue cultures. 

Metts tubes and Gillman and Cowgill’s test were used to determine 
the presence of a proteolytic enzyme. Both gave negative results. 


Cytochrome c Content, Nucleic Acid Phosphorus, and Oxidation Kate 
of Epithelial Tissues and Neoplasms. Otto Rosenthal and Davib 
L. Drabkin (Harrison Department of Surgical Research and Depart- 
ment of Physiological Chemistry, Univ. of Penna.). A micro-spectro- 
phometric technique has been developed for the determination of 
ferrocytochrome c. This has permitted the determination of this pig- 
ment isolated from smaller amounts of tissue than hitherto possible 
when utilizing direct methods of analysis. Upon the same ti-ssues 
nucleic acid phosphorus (protein-bound phosphorus) has been deter- 
mined and used as an index of ccllularity. The oxidation rates of both 
succinate and p-phenylenediaminc by the same tissues were determined 
by means of the usual manoraetric technique. The epithelial tissue-s 
studied included kidney cortex, liver, brain, submaxillary gland, girstric 
and colon mucosa, and lung. Data were gathered upon three .species — 
rat, rabbit and man. 

The data have permitted correlation of interest to be drawn, and 
have led to a new view of the problem of carcinogenesis. 

1. The cytochrome c content and the oxidation rate of certain epithe- 
lial ti.ssue.s— ga.stric mucosa and lung— arc low. Kidney cortex, which 
has a high cytochrome e content and high oxidation rate, wn.s used as 

the standard of comparison. _ . , 

2. The cytochrome c content of tissues in the different species is an 
inverse function of body size. All tissues of man show a relati\e> 
low content of cytochrome r in comparison with tlie corresiKinding tis- 
sues of smaller animals. This appears to be a new finding. 

3. The cvtochromc c content and oxidiition rate of neoplastic ti'M c> 
(gastric anil colon mucosa) are of the same order of magiiitude as la 
of the parent epithelial tissues from which the tumors arise. 
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These findings correlate well with the frequent incidence of neo- 
plasms in man and in mucous epithelium. They suggest that epithelial 
tissues whose aerobic metabolism is low are those in which neoplasms 
most frequently arise. It is probable that in such tissues the transition 
from an aerobic to a relatively anaerobic metabolism — characteristic of 
malignant tissue— occurs more readily than in epithelial tissues high 
in cytochrome c and with high aerobic metabolism. 


The Effect of Therapeutic Blood Levels of Sulfonamides Upon Wound 
Healing. H. A. Zintel, D. B. Freshwater, J. D. Hardy, W. M. 
Harris, Jr., C. S. Neer, 2d, and S. W. Robinson (Harrison Depart- 
ment of Surgical Research, Univ. of Penna.). The extensive use of 
sulfonamides in the prevention and treatment of surgical infections has 
led to the question of the possible effect of these drugs upon the unin- 
fected wound. Because of differences of opinion in previously reported 
work, we undertook to test the tensile strength and to study sections 
of histologic wounds of the skin, fascia and stomach wall of dogs which 
were given sulfanilamide and sulfadiazine by stomach tube. High 
blood levels of these drugs were maintained throughout the experi- 
ment. The wounds were tested at intervals between the third and 
thirteenth postoperative days. The tensile strength of the skin and 
fascia was tested by means of a tensiometer, while that of the stomach 
was tested by the air inflation method. 

No appreciable differences were noted bet\veen the tensile strengths 
of skin, fascia and stomach wall of the sulfadiazine-treated, the sulfanil- 
amide-treated and the control animals. The histologic sections of the 
experimental animals were identical to those of the control group. 
There were no evidences of inflammatory reaction, edema nor hemato- 
mata. We may conclude, therefore, that within the limitations covered 
by these experiments sulfanilamide and sulfadiazine may be adminis- 
tered orally in therapeutic doses without danger of prolonging the time 
of wound healing, or decreasing the tensile strength of the wounds, or 
in any way jeopardizing the cosmetic result. 


Studies on the Nature of the Viruses of Influenzas A and B. Leslie 
A. Chambers, Werner Henle and Elizabeth Dudley (Johnson 
Research Foundation, Univ. of Penna., and the Children’s Hospital of 
Philadelphia). The virus of influenza A can be removed from the 
allantoic fluid of infected cliick embryos by differential ultracentrifu- 
gation, and recovered in association noth a protein fraction which is 
essentially homogeneous with respect to particle size as indicated by 
electron rnicroscopy and by determination of the sedimentation velocity. 

Approximately 1 gm. each of the virus proteins of influenzas A and B 
was collected, dried and used as material for determination of physical 
properties and chemical composition. It was found that the turn pro- 
teins do not differ significantly in ultraHolet absorption, specific vol- 
ume, mass, shape, or in content of arginine, trj-ptophane, t\Tosine, total 
nitrogen, protein nitrogen, purine nitrogen, phosphorus and ash. Both 
contain d-ribose but no desox\Tibose was detected. On the other hand, 
the two viruses were found to differ significantly in content and distribu- 
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tion of sulfur especially with respect to cystine. The contents of 
cystine_ (including cysteine) in viruses A and B were 4.3% and 3.4% 
respectiyelj'’. hlethionine was present in essentially equal quantities 
(1.7 %) in the 2 cases, while inorganic sulfur was present in negligible 
amounts. In a broad sense the properties suggest those of the plant 
viruses whose properties have been determined. 

TOien subjected to low temperatures the virus particles aggregate in 
a regular manner resulting in the formation of crystalline aggregates. 
Solution of the crystals is readily accomplished by moderate heating 
or by dilution. The sequence of formation of crystals from the ^'irus 
proteins has been followed b}’ electron microscopy. 
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Editorial Note to Medical Authors; We wish to cal! the special attention of 
author-contributors and readers of this Journal to two of the most frequent errors 
that appear in our manuscripts. 

The first — the misuse of "milligrams per cent”— is well covered on Page 53 of 
the American Medical Association's book entitled "Medical Writing’’; “Results 
of chemical determinations are frequently expressed as ‘milligrams per cent’ or 
‘grams per cent.’ This means literally ‘milligrams (or grams) per hundred milli- 
grams (or grams),' which in most instances is not the information that the author 
wishes to convey. To insure accuracy a writer should specify the unit used, such as 
‘milligrams per hundred cubic centimeters’ or ‘milligrams per 100 gro.’ If a num- 
ber of values are («ic) given close together in a section or in a short paper, it usually 
is sufficient to supply ‘per hundred cubic centimeters’ the first time the PhtMo 
appears and to use merely ‘milligrams’ (not ‘miiiigrams per cent’) thereafter,” I' e 
have become so weary* of correcting this fault— and yet probably have overlooked it 
in many cases— that we are taking this means of to’ing to reduce it for tlic future. 
Wc hope that other journals, and especially the Journal of the .■American Medical 

Association with its large circulation, will also emphasize the point. ■ .•u 

We should like to regard the word "consider" as indicating that the item is * i 
under consideration or being meditated upon, i.e., that no conclusion h^s wen ‘ 

This is usually the first meaning given by dictionaric.s for this word. Ac w 
that, some dictionaries to the contrary notwithstanding, it is improi^r 4° 
word where a decision has been reached; in which ca.se sonic siicli 
lie.’’ or "regard as" or "believe to lie” or "hold ns anopimon gives the mo.c c 


meaning. 
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